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Report Based on Fifty Cases 
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ADICAL cure of malignant lesions 
and other serious surgical disease of 
the colon dates in large measure 
from a report of the first exterior- 

ization operation performed in 1895 by F. T. 
Paul in Liverpool, England. This proce- 
dure, later to become more generally known 
as the Mikulicz operation, provides a moder- 
ately radical curative technique which can be 
performed in the most expert hands with a 
mortality rate which has been reported in 
recent literature as ranging from a low of 4.8 
per cent (Woolf) to a high of 99 per cent 
(Gibbon and Hodge). Other figures include 
Cheever, 19.7 per cent; MacFee, 27.9 per cent 
and Nordmann, 28 per cent. Babcock and 
Bacon (2, 3), in discussing this operation in 
1943, ascribed to it a mortality rate of 16.6 
per cent. However, with the advent of 
chemotherapy including the use of succinyl- 
sulfathiazole (sulfasuxidine) in the prepara- 
tion of the bowel, there is little doubt that this 
mortality rate can be, and has been, revised 
downward, so that a figure somewhere be- 
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tween 5 and 10 per cent probably more nearly 
approaches the correct one. 

Developing concurrently with the foregoing 
method, there has been another type of resec- 
tion consisting of a somewhat more radical 
removal of the lesion with immediate restor- 
ation of the continuity of the bowel by means 
of primary anastomosis. The first successful 
operation of this type was performed by 
Kohler in 1881. The Johns Hopkins school has 
contributed materially to the development of 
this type of one stage procedure. Beginning 
in 1910 with the introduction of the aseptic 
anastomosis by Halsted, it continued with the 
report by Miller in 1923 of additional cases in 
which this method was used and led up to the 
recent excellent work of Stone and McLana- 
han. In December, 1942, these authors re- 
ported data on 104 cases of resection for car- 
cinoma in various locations in the colon with 
primary aseptic anastomosis and, in most 
instances, without proximal colostomy. Of 
the 104 patients, 11 died; thus the mortality 
rate was only 10.6 per cent. Others who have 
reported preference for one stage primary 
anastomosis over extraperitoneal resection 
included Lockhart-Mummery, Allen, Chee- 
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ver, Joll, Gibbon and Hodge, Mayo and his 
co-workers (16,17), MacFee, and Woolf. 

A somewhat analogous situation has devel- 
oped in recent years in regard to the surgical 
treatment of those lesions of the lower part of 
the sigmoid, the rectosigmoid, and the upper 
part of the rectum which are so distally locat- 
ed as to preclude radical removal by exterior- 
ization. Since the introduction of the Miles 
operation in 1910, thése lesions have been 
effectively treated by combined abdomino- 
perineal resection or by the less radical pos- 
terior resection in one or two stages. Effective 
though these procedures may be, they both 
entail sacrifice of the rectum and sphincter 
ani with the placing of permanent reliance on 
an abdominal, sacral, or perineal colonic 
stoma. Supported by the pathologic evidence 
furnished by Gilchrist and David and further 
extended by unpublished work of Glover, that 
curable malignant lesions of the lower part of 
the large bowel seldom, if ever, metastasize in 
a retrograde manner, various surgeons have 
contrived procedures designed both to cure 
the disease and to preserve the sphincter. The 
most substantial proponents of this more con- 
servative type of operation have been Bab- 
cock and Bacon (2,3), who have developed a 
modified abdominoperineal resection, and 
Dixon, who has recently described in detail 
his method of anterior resection. 

For several years resection of the right half 
of the colon has been followed, on the service 
of one of us (J. M. W.), by immediate end-to- 
end aseptic ileocolostomy with very satisfac- 
tory results. Within the past 15 months we 
have applied the identical technique of aseptic 
anastomosis over a three-bladed (Rankin) 
clamp in restoring continuity of the bowel after 
resection of lesions located variously between 
the midtransverse colon and the upper part of 
the rectum, inclusive. This report deals with 
the first 50 cases of this type of resection. We 
are decidedly in favor of this type of resection 
in the great majority of instances. 

The oldest patient was 78 years and the 
youngest 15 years ofage. The average age of 
the patients was 53.5 years. The age range is 
the customary one for a group composed 
mainly of patients suffering from malignant 
lesions. The types of pathologic change en- 








countered were: carcinoma, 43; benign tumor 
(lipoma), 1; localized megalosigmoid, 2; 
tubo-ovarian abscess with involvement of 
sigmoid, 1; diverticulitis, 1; benign stricture 
(post-radium), 1; incarceration in ventral 
hernia, 1;—a total of 50. 


LOCATION OF LESIONS 


By virtue of ‘the location of the lesions in 
the colon we have classified the cases as 
follows: Group A comprises those cases in 
which the lesions otherwise would have been 
removed by extraperitoneal resection. Group 
B comprises those cases in which the lesions 
otherwise would have been removed by com- 
bined abdominoperineal resection (Fig. 1). 
The term “rectosigmoid” requires further 
definition, since several of the standard text- 
books of anatomy make no use of this desig- 
nation. By rectosigmoid we refer to the 
segment of the bowel, 3 to 4 centimeters long, 
at which the lower part of the sigmoid joins 
the upper part of the rectum and which is 
situated at, or immediately above, the peri- 
toneal reflection. 


PREOPERATIVE PREPARATION 


Preoperative preparation of the bowel is of 
especial importance, since it is our considered 
opinion that primary anastomosis should be 
performed only in those cases in which thor- 
ough decompression has preceded the oper- 
ation. It has been a welcome surprise to find 
a very small proportion of these cases unsuit- 
able for this operation. Credit belongs to the 
medical and nursing personnel of the medical 
colon service, who have supervised the prepar- 
ation of most of these patients for surgical 
treatment. 

The important features of this preparation 
consist of (1) subsistence of the patient on a 
residue-free diet for 3 to 4 days prior to 
operation; (2) oral administration of sodium 
phosphate; (3) repeated irrigations of the 
colon; (4) rectal aspirations combined with the 
administration of camphorated tincture of 
opium (paregoric) for 24 hours immediately 
preceding operation; and (5) the oral ingestion 
of succinylsulfathiazole in the amount of 2.0 
grams 5 times a day, preferably for the entire 
4 day period of preparation. 
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TECHNIQUE OF OPERATION 


Group A. For lesions situated in the mid- 
portion of the sigmoid or above, the bowel is 
resected widely above and. below the lesion 
and a correspondingly wide, wedge-shaped 
segment of the mesentery is excised with it. 
The anastomosis is then effected over a three- 
bladed crushing clamp (Rankin), using one 
row of No. o chromicized catgut reinforced by 
a second row of interrupted sutures of No. 2 
silk. The mesentery is then reapproximated 
and the posterior and lateral peritoneal reflec- 
tions are resutured. The incision itself is then 
closed, usually without drainage. 

Two technical advantages of this method 
over extraperitoneal resection are at once 
apparent. First, the bowel may be resected 
more widely, since no portion of it is advanced 
to the anterior abdominal wall. Thus local 
recurrence, and particularly recurrence in the 
scar of the incision (a fairly frequent compli- 
cation following exteriorization), are mini- 
mized. Second, and also for the reason that 
the bowel is not brought forward, the node- 
bearing mesentery may be resected more 
widely, and approximation of the mesenteries 
is facilitated, a step which prevents internal 
herniation. Nodal involvement, incidentally, 
was discovered in approximately half of the 
cases of carcinoma (21 of 43 cases). 

Group B. For lesions situated in the lower 
part of the sigmoid, the rectosigmoid or the 
upper part of the rectum, the technique 
closely follows that of anterior resection 
described by Dixon. The bowel is first mobil- 
ized and devascularized in exactly the manner 
that is customary in performing one stage 
combined abdominoperitieal resection. After 
ligation of the superior hemorrhoidal artery, 
the bowel is manually freed posteriorly from 
the hollow of the sacrum and, if the patient is 
male, anteriorly from the prostate gland. 
This is an important stage of the procedure 
since it is here that the surgeon must pause to 
decide whether he is to proceed with abdom- 
inoperineal resection or whether the growth 
has been mobilized high enough to allow seg- 
mental resection with anastomosis. In our 
experience, lesions of the rectosigmoid are 
almost invariably resectable by the latter 
method and lesions high in the rectum itself 





Rectosigmoid Group B 
Males io Rectum 16 


Fig. 1. Site of lesions and number of cases in which 
lesions were at various sites in group A and B. 


occasionally so. In 1 instance open anasto- 
mosis was performed, while in the remaining 
16 cases the aseptic technique described 
previously was employed. 

Colostomy. Protection of the suture line by 
proximal colostomy has been advocated by 
Dixon, Rankin, Woolf, and others. Stone and 
McLanahan found it unnecessary in the ma- 
jority of cases, the exceptions being those 
instances in which obstruction was present. 

In our series prophylactic colostomy was 
felt to be unnecessary. In 4 cases, previously 
established colonic stomas were present and 
were, of course, left open and functioning until 
convalescence from the resection was complete. 
Three of these colonic stomas had been estab- 
lished as emergency decompressive measures 
and the fourth had resulted from the exterior- 
ization of one of two distinct and widely 
separated malignant lesions occurring within 
the same bowel. 

There is little question in our minds that 
colostomy is an unnecessary addition to 
resection performed for lesions of the sigmoid 
or above. However, our feeling in regard to 
its use following resection of lower-lying 
lesions is not so definite. We have found that 
there is some tendency to the development of 
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edema in and about an anastomosis which is 
performed after resection in those cases in 
which the bowel has been freed extensively 
from the hollow of the sacrum. This, we feel, 
is the cause underlying a tendency to the 
development of temporary partial obstruction 
in the early postoperative period. In 5 cases 
in which operation has been performed since 
the completion of the series that we are re- 
porting, this difficulty has been obviated by 
passing a tube through the rectum and beyond 
the anastomosis. This tube has been left in 
place for from 7 to 10 days and has thus far 
been effective in eliminating obstructive 
phenomena. It is our intention to employ 
this tube in the future in all cases of resection 
of the lower part of the sigmoid and below. 
In this way we hope to omit successfully the 
addition of colostomy to the operation per- 
formed for group B as well as group A lesions. 


POSTOPERATIVE MANAGEMENT 


At the conclusion of the operation, and 
before the patient is removed from the oper- 
ating room, the rectum is thoroughly dilated 
so as to admit three or four fingers. Other 
means of ensuring patency of the lower part 
of the bowel, such as the insertion of a rectal 
spool, were used in some of the early cases. 
They were found to be unnecessary. Patients 
expel flatus spontaneously within 48 to 60 
hours after operation and the bowel ordinarily 
functions quite normally thenceforward. Pa- 
tients on whom sigmoidoproctostomy has 
been performed frequently experience mild 
diarrhea, which ordinarily subsides within a 
few weeks. 

Administration of succinylsulfathiazole in 
full doses is resumed as soon as the patient 
is able to take it by mouth. This may be on 
the day of operation if the operation has been 
performed with the patient under spinal anes- 
thesia; otherwise it is withheld until the 
second or third postoperative day. Enough 
water is allowed with each dose to enable the 
patient to swallow the tablets. Other fluids 
are withheld until flatus is freely expelled. 
Residue-free liquids and solids are then em- 
ployed and continued for the first week of 
feeding. They are then succeeded by a low 
residue diet. The amount of food is increased 


daily so that at the time of dismissal from the 
hospital (usually on the fourteenth post- 
operative day) the patient is instructed in a 
very adequate maintenance type of low resi- 
due intake. He is advised to follow this diet 
in a general way for 2 months and then to 
liberalize it. 
MORTALITY RATE 


Two of the 50 patients died, giving a mor- 
tality rate for this series of 4.0 per cent. One 
of these died of atelectasis and extensive 
bronchopneumonia, which occurred on the 
fifth postoperative day and failed to respond 
to usual measures, including parenteral ad- 
ministration of sulfadiazine sodium in ade- 
quate amounts. At necropsy the anastomosis 
(in the rectosigmoid) was found to be in 
excellent condition. In the other case, in 
which the patient was an elderly woman, a 
fecal fistula developed, as well as an associated 
retroperitoneal abscess, which drained inade- 
quately through a stab wound which had been 
established in the left flank. Her convales- 
cence was prolonged and at several intervals 
we thought that she was on her way to recov- 
ery. Two weeks preceding her death, the 
fistula closed and subsequently her bowels 
moved normally through the rectum. How- 
ever, as the result of the combination of 
inadequate drainage of the abscess with exten- 
sive cardiovascular disease and a terminal 
pulmonary embolus this patient succumbed 
on her forty-ninth postoperative day. 

The mortality rate for the two groups A and 
B is 2.9 per cent and 6.3 per cent, respectively. 
The higher risk associated with the lower 
group of lesions is probably a real one because 
of the more extensive procedure involved. 
However, the mortality rate of 6.3 per cent 
compares favorably with that of Coller and 
Ransom (8.9 per cent) and Fansler (5.25 per 
cent), which occurred in the abdominoperineal 
resections, and preservation of the rectum and 
sphincter was still accomplished. 


PALLIATION 


In 6 cases hepatic metastasis or nodal 
involvement beyond the limits of resectability 
was present and resection was considered a 
frankly palliative procedure. We feel that the 
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indication for primary anastomosis is, if any- 
thing, more certain in such a situation than 
in dealing with curable disease, since these 
patients are spared the burden of “colostomy 
life” during their remaining months. 


HOSPITALIZATION 


Thirty of the 48 patients who survived the 
operation underwent primary healing and 
were dismissed from the hospital on the four- 
teenth postoperative day. The average period 
of hospitalization for the entire group was 21.4 
days. Further analysis of the latter figure, 
however, reveals a decided difference in the 
stay in the hospital between the two groups 
A and B. Whereas twenty-five (74 per cent) 
of the 34 patients of group A left the hospital 
within 2 weeks, only 5 (31 per cent) of the 16 
patients of group B were able to do so. The 
same tendency for a more protracted convales- 
cence in group B than in group A is evidenced 
by the average hospitalization times, which 
were found to be 30.1 days and 19.4 days, 
respectively. This discrepancy is related to, 
and dependent on, the development of peri- 
anastomotic edema and a localized type of 
cellulitis in the anterior sacral space. In those 
cases in which the bowel has been freed from 
the hollow of the sacrum there is protracted 
low grade fever and the patients are fairly 
often annoyed by the frequent discharge of 
irritating semiliquid stools. The local edema 
and inflammation subside, however, over a 
period of weeks or months. Only 3 of our 
patients mentioned a persistence of symptoms 
when last heard from. It may be that this 
tendency toward inflammation about the anas- 
tomosis will be obviated by the use of the 
rectal tube as described previously or by 
establishment of a temporary proximal colonic 
stoma as advocated by Dixon. 


COMPLICATIONS 


Complications of varying degrees of severity 
developed in 10 of the 48 cases in which pa- 
tients survived. Fecal fistulas developed in 3 
instances; all closed spontaneously, 2 in 3 
weeks and 1 in 6 weeks. In 3 other cases, all 
from group B, an abscess anterior to the sa- 
crum developed. This abscess drained through 
the rectum. This complication led to a pro- 








WAUGH, CUSTER: SEGMENTAL RESECTION OF LEFT COLON LESIONS 597 


longed period of hospitalization but ended 
with complete recovery in 2 of the cases. In 
the third case the abscess was draining exten- 
sively from the rectum when the patient was 
last heard from. In one case in which a 
portion of the sigmoid which had been involved 
by a large tubo-ovarian abscess had been 
resected, extensive edema of the anastomosis 
developed. We feel that the edema was relat- 
ed to the original infection. This likewise 
necessitated a prolonged (77 day) convales- 
cence, during which period the patient suffered 
considerably from cramping abdominal pain 
and had a persistent fever. However, when 
recently heard from, she had undergone sub- 
stantial improvement, although her cramping 
pain has not as yet entirely subsided. One 
patient required reoperation on the tenth 
postoperative day. This was necessitated by 
the development of a mechanical obstruction 
of the small intestine, which we found to be 
due to an adhesive band at the site of a former 
appendiceal abscess. Infection of the incision 
occurred in one case. We relate this low inci- 
dence to the preparation of the bowel with 
sulfasuxidine and to the use of an aseptic 
anastomosis. The final complication was a 
nonfatal pulmonary embolus; the patient was 
a middle aged man for whom palliative resec- 
tion had been performed. The development 
of prolonged urinary retention, a familiar 
complication following combined abdomino- 
perineal resection, was conspicuous by its 
absence. 


SUMMARY AND CONCLUSIONS 


Primary aseptic anastomosis was performed 
in 50 consecutive cases after resection of 
lesions of the left half of the colon. Two 
patients died, giving a mortality rate of 4.0 
per cent. 

For lesions of the middle part of the sigmoid 
and above, this operation provides a safe, 
curative one stage procedure, the hospital 
convalescence from which seldom exceeds 3 
weeks. This period compares Yavorably with 
the minimum of 8 weeks’ close supervision 
and the 3 or 4 separate procedures involved in 
extraperitoneal resection. 

For lesions of the lower part of the sigmoid, 
the rectosigmoid, and the upper part of the 
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rectum, this technique provides for the eradi- 
cation of malignant lesions with preservation 
of the lower part of the rectum and the 
sphincter ani. The average period of hospital 
convalescence from this operation (anterior 
resection) is approximately 1 month. 

1. Preparation with a succinylsulfathiazole 
and aseptic anastomosis are factors in reduc- 
ing the mortality rate. 

2. Primary anastomosis is the procedure of 
choice following resection of lesions in the 
nonobstructed bowel. 

3. Proximal colostomy is unnecessary for 
lesions of the middle part of the sigmoid or 
above. 

4. Proximal colostomy or prophylactic de- 
compression with a rectal tube is indicated 
when lesions of the lower part of the sigmoid 
or below are removed. 
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PENICILLIN THERAPY IN ABDOMINAL SURGERY 


The Results of Prophylactic and Therapeutic. Use in Fifty Cases 


GEORGE F. WOLLGAST, M.D., F.A.C.S., Lieutenant Colonel, M.C., A.U.S., Denver, Colorado 


HE objective of this report is to point 

out a limited but definite field of 

usefulness for penicillin in the pre- 

vention and treatment of abdom- 
inal sepsis. 

Penicillin has not been generally accepted as 
an effective agent in the treatment of infected 
surgical conditions of the abdomen. This con- 
clusion is due in part to the few brief and un- 
favorable reports of its use in peritonitis. 
Lyons, in his summary of cases treated in vari- 
ous United States Army Hospitals states, 
“Infections arising as complications of appen- 
dicitis have not been responsive to treatment, 
although one patient showed improvement 
coincident with treatment.” It seems, how- 
ever, that in the few cases reported patients 
were treated late in the disease, at a time when 
the infection was widespread and the progno- 
sis poor. Jeffrey in his discussion of the use of 
penicillin in the British Army, remarks that 
“Penicillin is usually not of value in penetrat- 
ing wounds of the abdomen; most of the 
deaths in such instances are due to physiologi- 
cal causes.” In addition, cultures of these in- 
fections, although frequently mixed, usually 
show a predominant growth of gram negative 
bacteria, which are not sensitive to penicillin. 
These nonsensitive organisms also produce 
penicillinase, which inactivates penicillin 
(Abraham and Chain). 

We administered parenteral penicillin to 5 
patients critically ill with generalized perito- 
nitis. These patients presented the usual pic- 
ture of terminal peritonitis, with such compli- 
cations as multiple intraperitoneal abscesses, 
paralytic ileus, hepatitis, pneumonia, and 
kidney damage. Treatment was started late 
and was discontinued after a few days because 
of scarcity of material. All of these patients 
died. The only indication that penicillin ex- 
erted any favorable effect in these patients 
was evidenced in the temperature graphs. 
There was a definite reduction of temperature, 
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very closely associated with the initiation of 
penicillin therapy in every instance (Figs. 1 
and 2). Because cultures of infected material 
from these patients contained both sensitive 
and insensitive organisms, this temperature 
reduction was attributed to some inhibition 
of those organisms which were sensitive. 

In many open, infected wounds of the ex- 
tremities, numerous species of bacteria were 
isolated from cultures and, as in peritonitis, 
the insensitive bacteria were often more pro- 
lific. It was found that when the sensitive 
organisms in these wounds were controlled by 
means of penicillin, healing did not appear to 
be impeded by the continued presence of the 
insensitive bacteria. In peritonitis, strepto- 
cocci or staphylococci can often be isolated 
along with Escherichia coli. These penicillin 
sensitive bacteria may easily be overlooked in 
cultures, due to the rapid overgrowth of insen- 
sitive organisms. Ladd and Gross frequently 
found a mixture of organisms in peritoneal cul- 
tures and it is their opinion that, “The bac- 
teriology in cases with abscess or peritonitis is 
variable. In many such peritoneal cultures 
there are doubtless important organisms, 
which are lost sight of, when there is a luxuri- 
ant overgrowth of colon bacillus.” 

In view of the pathogenicity of gram posi- 
tive organisms in other infections, we believe 
that these penicillin sensitive organisms play 
a greater réle in mixed infections of the abdo- 
men than is commonly attributed to them. 
Certainly the inhibition of these organisms 
early, before the infection has become wide- 
spread, should be a factor in the recovery of 
certain patients. 


THE EARLY USE OF PENICILLIN 
IN PERITONITIS 


Twelve additional patients with peritonitis 
were treated more adequately than were those 
in the first cases mentioned. Treatment in the 
majority of these cases was initiated at the 
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Fig. 1. Staphylococcus aureus and unidentified gram 
negative bacilli. This patient expired 72 hours after treat- 
ment was discontinued.! 


time of operation. Seven received local treat- 
ment and parenteral therapy; 5 received par- 
enteral therapy only. Local administration, 
in 3 instances, consisted of instilling 50,0co 
units and, in 4 other cases, 100,000 units of 
penicillin, into the abdominal cavity by means 
of a catheter, just prior to closure. This peni- 
cillin was diluted with 30 to 50 cubic centime- 
ters of normal saline. Parenteral therapy was 
administered intramuscularly at 3 hour inter- 
vals. Dosage was varied from 10,000 units to 
20,000 units every 3 hours, totalling 80,000 to 
160,000 units every 24 hours. The duration of 
treatment was quite variable. In 3 instances 
there was evidence of reactivation of infec- 
tion after penicillin had been discontinued and 
an additional course was administered. 

These patients also received all other ac- 
cepted therapeutic measures. Oxygen was ad- 
ministered, the electrolytic, caloric, protein, 
and fluid balances were maintained, disten- 
tion was combated by continuous gastric suc- 
tion, and the maximum benefit of sulfonamide 
therapy was obtained. (Because of the seri- 
ous nature of the infection in these patients we 
did not feel justified in evaluating penicillin 
without sulfonamide administration.) 

‘High and low daily alterations of temperature only are recorded. 


Peni-illin daily dosage is indicated by blocks, 50,000 units to the square. 
Horizontal numbers represent day of illness. 


Fig. 2. Staphylococcus aureus and Escherichia coli. A 
temperature reduction of 4 degrees occurred during peni- 
cillin administration. Patient expired 48 hours later. 


The usual numerous laboratory determina- 
tions were made, but only the significant or 
unusual results are included in the following 
summaries. 


CasE 1. Male, aged 28 years, was admitted with 
lower abdominal pain of 5 days’ duration. He gave 
a history of having been operated upon because of a 
ruptured Meckel’s diverticulum, 5 years previously. 
Temperature was 102 degrees, pulse 122. The abdo- 
men was moderately distended. Tenderness was 
marked over a scar in the lower mid-abdomen. A 
tender, firm mass palpable beneath this scar. There 
had been no evacuation or passage of flatus for 48 
hours. A diagnosis of incarcerated omentum or 
colon was made. 

At operation a large inflammatory mass was 
found involving the sigmoid colon. This was a result 
of a perforated diverticulitis of the colon, with an 
abscess beneath the old operative scar. There was 
considerable peritoneal reaction. The involved ob- 
structed bowel was exteriorized by a Mikulicz pro- 
cedure. 

After operation, the temperature elevated to 104 
degrees; he was critically ill. Penicillin was started 
on the 5th postoperative day. 


This patient received adequate sulfonamide 
therapy prior to administration of penicillin. 
No other changes in treatment were made at 
the time of penicillin administration. 


CasE 2. Female, aged 36 years, 5 months gravid 
was admitted with complaint of generalized constant 
abdominal pain, gradual in onset 6 days prior to ad- 
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Fig. 3. Case 1. Hemolytic Staphylococcus aureus and Escherichia coli. 


mission. Temperature was 101.8 degrees, pulse 120, 
The abdomen was rigid and tender throughout, no 
fetal heart tones were audible. The cervix was not 
dilated and there was no vaginal bleeding. The 
white blood count was 7,900, 61 per cent neutrophils. 
She delivered spontaneously, suddenly, 12 hours 
after admission. Following delivery all abdominal 
signs persisted, and a diagnosis of peritonitis was 
made. 

At operation a gangrenous, perforated appendix 
was found and removed. Over 1,000 cubic centime- 
ters of seropus was aspirated from the abdomen. 
Penicillin was administered locally (50,000 units) 
and continued parenterally. 


In Case 2 sulfadiazine and penicillin were 
administered concomitantly, and therefore 
evaluation of penicillin effect was difficult. 
However, during the second febrile period sul- 


fadiazine was administered for a period of 6 
days with little improvement. Then a se- 
cond course of penicillin was apparently res- 
ponsible for immediate temperature reduc- 
tion and general improvement (Fig. 4). 


CasE 3. Female, aged 23 years, was admitted 
with complaints of nausea, duration 4 days, and 
lower, right quadrant abdominal pain, duration 3 
days, onset gradual. Temperature rose to 104.4 de- 
grees, pulse was 126. This patient was exhausted 
having travelled the 5 days prior to admission. She 
was chilling severely. 

A diagnosis of a perforated appendix was made 
and this diagnosis was confirmed at operation. The 
appendix was removed and flank drainage was in- 
stituted. 

Pneumonitis developed on the 2nd postoperative 
day. There was no improvement from sulfadiazine 





Fig. 4. Case 2. Staphylococcus aureus and Escherichia coli. 











Fig. 5. Case 3. Anerobic streptococci and Escherichia 
coli. 


therapy. Penicillin therapy was started on the 
fourth postoperative day, but only continued 2 days. 
Improvement seemed closely associated with the ad- 
ministration of the drug. Starting on the roth post- 
operative day the temperature again gradually ele- 
vated and improved drainage was established with 
little change. Penicillin was again administered. 


In Case 3 penicillin was administered for 
only 2 days on the first occasion. It is ques- 
tionable if treatment over this short period of 
time was responsible for the marked improve- 
ment (Fig. 5). The second rise in tempera- 
ture was associated with abscess formation, 
drainage of which did not appreciably alter 
the patient’s condition. The administration 
of penicillin at this time produced marked 
general improvement, although there was no 
temperature reduction for a period of 5 days. 


CasE 4. Male, aged 29 years, was admitted with 
acute abdominal pain, sudden in onset, duration 24 
hours. Temperature was 1o1 degrees, pulse 108. 
Tenderness and rigidity, which were present through- 
out the abdomen, were more marked in the right 
lower quadrant. 

A diagnosis of a perforated appendix, with gen- 
eralized peritonitis, was confirmed at operation. The 
appendix was removed; there was no localization. 

The postoperative course was. not satisfactory; 
the temperature elevated to ror degrees daily. The 
abdomen remained moderately distended and tender. 
On the 8th postoperative day he complained of dis- 
comfort in the upper right abdomen and lower right 
chest, radiating through to the back and increased 
by deep inspiration. Percussion over the liver accen- 
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tuated this distress. X-ray films on this date demon- 
strated an irregular area of increased density above 
the right diaphragm. A diagnosis of early subdia- 
phragmatic abscess was reported. The sulfadiazine 
blood level was maintained at about 15 milligrams 
per cent. The temperature remained elevated and 
the general condition of the patient was unsatisfac- 
tory. 

On the 12th postoperative day, posterior drainage 
of the subdiaphragmatic abscess was contemplated 
and penicillin was initiated as a preoperative measure. 
There was sufficient improvement within 24 hours to 
warrant operative delay. Within 3 days pain and 
tenderness in the liver region were minimal. The 
temperature had, however, increased to 103.5 de- 
grees: Additional x-ray pictures revealed an in- 
crease in the area of density in the right chest. 
Aspiration of the right pleural cavity was done on 
the 16th postoperative day, 700 cubic centimeters of 
cloudy, blood-tinged fluid being removed. On the 
same occasion 20,000 units of penicillin were in- 
jected intrapleurally. The temperature reduced to 
102 degrees the following day. Aspiration was re- 
peated on the 17th, 19th, and 23rd postoperative 
days. Improvement was rapid from the 7th day of 
treatment (Fig. 6). 


In Case 4 signs of a progressing subdia- 
phragmatic abscess disappeared during 4 days’ 
administration of penicillin. Nevertheless, 
the temperature continued to rise and the 
signs of pleural effusion increased, although 
the patient was receiving 160,000 units of pen- 
icillin daily. The pleural infection was not 
controlled until penicillin was administered 
directly into the pleural cavity. The isolation 
of the same organism from three different sites 
leaves little doubt as to the pathogenesis of 
the pleural infection. 


CasE 5. Male, aged 19 years, was admitted on 
the 16th day following an appendectomy. After 
operation he had a persistent elevation of tempera- 
ture (100-101 degrees). On the 8th postoperative 
day an intra-abdominal abscess was drained at the 
previous operative site. The patient became septic, 
his temperature ranging between 102 and 104 degrees. 

On the 14th postoperative day, 2 days prior to ad- 
mission, he complained of pain in the right upper 
abdomen and lower right chest. The roentgenologist 
reported the right diaphragm to be elevated and 
fixed. A pleural effusion was present. It was the 
consensus of all consultants that a subdiaphragmatic 
abscess was present. 

On admission, penicillin was initiated. The fol- 
lowing day 200 cubic centimeters of clear fluid was 
aspirated from the right chest. Cultures of this 
fluid showed no growth. At the time of aspiration 
20,000 units of penicillin were injected. There was 
general improvement of the patient within 24 hours, 
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Fig. 6. Case 4. A pure growth of hemolytic Staphylococcus aureus was cultured 
from the abdomen, the draining flank wound, and the pleural exudate. 


although the temperature remined elevated for an 
additional 7 days, after which it rapidly declined. 
He was allowed up on the oth day of treatment and 
recovery was uneventful thereafter. 


This patient showed no improvement fol- 
lowing chest aspiration and no reformation of 
fluid. It was believed that the pleural effusion 
had little bearing on the course. There was no 
change in treatment and no pus was evacuated 
from any other site. Probably a subdiaphrag- 
matic infection was aborted by penicillin. 


CasE 6. Male, aged 30 years, developed a retroce- 
cal abscess on the 6th day following an appendec- 
tomy. There were associated signs of generalized 
peritoneal irritation. The abscess was drained, but 
no improvement resulted. Abdominal tenderness 
and rigidity increased anda paralytic ileus developed. 
The temperature elevated to 104 degrees. 

Following the administration of penicillin paren- 
terally, the abdominal signs gradually decreased. 
There was no appreciable decline of temperature for 
a period of 5 days, when there was an abrupt fall. 


The infection in this patient was progressive 
in the face of all other therapeutic measures. 
Arrest of extension of the infection was closely 
associated with the initiation of penicillin 
therapy. 

CASE 7. Male, aged 34 years, 37 days prior to ad- 
mission developed a sudden attack of diarrhea, which 
persisted. He was admitted to another hospital 25 
days later. At that time he was pale and cachectic, 
the abdomen was moderately distended and tender, 
and the liver was definitely enlarged. 


On the 12th day of hospitalization, following a 
proctoscopic examination, he suddenly developed 
severe generalized abdominal pain. He was trans- 
ferred, being admitted in obvious shock, with a tem- 
perature of 96 degrees, pulse 160, respirations 40, 
and blood pressure 90/60. He received emergency 
shock treatment. Examination revealed the abdo- 
men to be markedly distended, tender and rigid, and 
the liver to be enlarged to the level of the umbilicus. 
He appeared to have generalized peritonitis. '\* ' 

He was operated upon the day of admission. 
About 3,000 cubic centimeters of cloudy fluid was 





7. Case 5. Hemolytic Staphylococcus aureus was 
cultured from the draininglabdominal wound. 











Fig. 8. Case 8. Staphylococcus aureus and Escherichia 
coli. 


aspirated from the abdomen. There was marked peri- 
toneal reaction. Operative exploration of the entire 
digestive tract revealed no perforation. The dome 
of the right lobe of the liver was fluctuant, and a col- 
lection of plastic exudate was noted in this area, 
aspiration produced thick pus. Apparently spon- 
taneous drainage of a liver abscess had occurred. A 
mushroom catheter was inserted through the lat- 
eral chest wall into this abscess cavity. No “choco- 
late pus” or cysts were found in the evacuated 
material. Cultures of peritoneal and abscess mate- 
rial showed no growth. 

Penicillin was administered locally (50,000 units) 
and continued parenterally. Treatment was dis- 
continued on the sth postoperative day because of 
negative cultures and the fact that the patient’s tem- 
perature was normal. 

His general condition was poor and eventually he 
developed intestinal obstructions requiring operative 
relief on two occasions. 

Two months postoperatively, he developed a 
pleural effusion and an elevated temperature. One 
aspiration and injection of 20,000 units of penicillin 
into the right pleural cavity prevented further accu- 
mulation of this effusion. Hemolytic streptococci 
were cultured from the aspirated material and 
was also cultured from the draining liver abscess. 

Blood sent to the laboratory in Washington for ex- 
amination was reported as showing positive comple- 
ment fixation for ameba. Carbarsone and emetin were 
administered with very slow improvement. He was 
eventually transferred to a hospital nearer his home. 


It was concluded that slow improvement in 
this patient was probably due to extensive 
liver damage. Penicillin was effective in abort- 
ing empyema in this patient. 
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Case 8. Male, aged 22 years, 5 days prior to ad- 
mission developed cramping, abdominal pain, which 
increased in severity. On the 3rd day of illness his com- 
plaint increased, he became nauseated, and vomited 
frequently. He was admitted to another hospital 
and treated conservatively for a small bowel obstruc- 
tion; there was no improvement. 

He was operated upon 2 hours after transfer. Three 
black, gangrenous loops of ileum were found when 
the abdomen was ‘opened. The obstruction and 
strangulation were secondary to adhesions at the site 
of an old appendectomy. Considerable fluid was 
present and there was leakage of intestinal contents. 
The gangrenous bowel was removed and a double 
barrelled ileostomy was done. Penicillin was given 
locally (50,000 units) and continued parenterally. 


The postoperative course in Case 8 was sur- 
prisingly satisfactory. The wound did not 
become infected. Due to the high location of 
the ileostomy, difficulty was encountered in 
maintaining his nutrition and in preventing 
skin erosion. Subsequently the ileostomy was 
closed and a transverse ileocolostomy was 
done. Recovery was satisfactory. 


CasE 9. Male, aged 17 years, was wounded in the 
pelvis; a machine gun bullet was situated between 
the bladder and the sigmoid colon. The orifice of a 
draining sinus tract, which connected with the for- 
eign body, was present in the right perineal region. 
He had partial obstruction on several occasions. 

He was being prepared for operation by the ad- 
ministration of penicillin parenterally as well aslocally 
into the sinus tract. Hydrogen peroxide was used to 
irrigate the tract before penicillin was instilled. On 
one occasion following this irrigation, he developed 
severe abdominal pain followed by increasing signs 
of peritonitis and intestinal obstruction. 

At operation marked peritoneal irritation was 
found, the distal ileum was dilated, and the bowel 
wall was thick and edematous. One loop was 
fixed in the pelvis and formed the roof of an abscess 
in which the foreign body was imbedded. Thick pus 
was evacuated from the abscess and the bullet was 
removed. It was necessary to do a resection of about 
10 inches of the damaged bowel. A double barrelled 
ileostomy was done. At the end of the operation 100,- 
ooo units of penicillin were injected into abdomen. 

The patient was critically ill immediately after the 
operation, but responded rapidly. Postoperative 
temperature was 101 degrees on one occasion, not 
elevating above 99.5 degrees thereafter. There was 
no evidence of peritoneal irritation after 24 hours. 


In Case 9 cultures from the sinus tract grew, 
on various occasions, diphtheroids, Staphy- 
lococcus aureus, streptococci, Bacillus pyocy- 
aneus and proteus. The course of this patient 
was even more satisfactory than that in the 
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preceding case. It is reasonable to conclude 
that some inhibition of this mixed infection 
should be attributed to penicillin. 


CaSE 10. Female, aged 22 years, housewife, was 
admitted complaining of constant generalized, ab- 
dominal pain. The onset was sudden 2}4 days prior 
to admission and was cramping in nature. Pain 
gradually localized to the right lower quadrant, 
becoming somewhat relieved after 18 hours; it 
again increased in severity and became widespread. 

Examination revealed moderate distention; the 
abdomen was rigid. Pressure and rebound tender- 
ness were marked throughout and somewhat accen- 
tuated on the right. 

A diagnosis of acute appendicitis with possible 
perforation was confirmed at operation. A gangren- 
ous, perforated appendix was removed. Just prior to 
closure, 100,000 units of penicillin were injected in- 
traperitoneally. The abdomen was not drained. 
Penicillin was continued parenterally. 

The temperature was 100 degrees on one occasion, 
the day following operation, but did not go above 99 
degrees thereafter. She was allowed up on the 2nd 
postoperative day and was.discharged from the hos- 
pital on the 8th postoperative day. 


It is interesting to note that the postopera- 
tive course in Case 10 was as uneventful as 
after the average interval appendectomy. 


CasE 11. Male, aged 65 years, 10 days prior to ad- 
mission developed sudden abdominal cramping. The 
following day he noted tenderness in the right lower 
abdomen. On admission the above complaints were 
still present and in addition he noted weakness and 
anorexia. Examination revealed a tender, fixed mass 
in the right lower quadrant. 

A diagnosis of appendiceal abscess was confirmed 
at operation. In establishing drainage in the right 
flank, considerable pus was spilled into the abdom- 
inal cavity. Smears showed gram positive cocci, 
which were not identified, and Escherichia colli. 
Cultures grew only the latter organism. Penicillin 
was applied locally (100,000 units) and continued 
parenterally. 

The highest postoperative temperature was 100 
degrees. It returned to normal on the 3rd postoper- 
ative day, at which time the patient was allowed up. 
Recovery was uneventful, the patient being dis- 
charged on the 16th day of hospitalization. 


Spillage of pus into the peritoneal cavity 
during an attempt to drain an intra-abdom- 
inal abscess is an indication for both local 
and parenteral penicillin therapy, even before 
culture reports can be made. 


CasE 12. Female, aged 20 years, was admitted 
complaining of severe lower abdominal pain, grad- 
ual in onset, duration 5 days. She was nauseated 
and constipated. 


On examination there was found generalized ten- 
derness, more marked in the right lower quadrant. 
Pelvic examination was painful, but no abnormality 
was palpated. Smears from the cervix revealed only 
occasional pus cells. There was definite rigidity and 
rebound tenderness referred to the right lower quad- 
rant. 

A diagnosis of perforated appendix with general- 
ized peritonitis was confirmed at operation. The 
appendix was removed and 100,000 units of penicil- 
lin were injected into the abdominal cavity as the 
abdomen was closed. Cultures grew only Escheri- 
chia coli. Temperature was 102 degrees on the first 
postoperative day, subsiding to 99 degrees by the 
end of the 2nd postoperative day. This patient was 
ambulant beginning the 4th postoperative day. The 
recovery of this patient was uneventful. 


The postoperative course in 10 of these 
cases was unexpectedly mild. Of the 3 in- 
stances of pleural effusion, 2 of which were in- 
fected, none developed empyema. 

Intraperitoneal local administration ap- 
pears to be of value and there is no evidence 
to indicate that penicillin should not be ad- 
ministered by this route. 

The cause and extent of peritonitis is so 
variable that a small series of cases, such as 
reported here, is insufficient to afford conclu- 
sive evidence as to the effectiveness of the 
drug in this disease. However, the improve- 
ment, which was so closely associated with the 
initiation of penicillin therapy in these cases, 
is presumptive evidence that penicillin was at 
least a factor in their recovery. 

It is well known that penicillin is more ef- 
fective than the sulfonamides in controlling the 
staphylococcus (Powell and Jamieson, Robson 
and Scott;and Fleming). Laboratory animals 
can be protected against intraperitoneal injec- 
tions, many times the minimum lethal dose of 
various organisms by penicillin, as proved for 
hemolytic streptococci by Hobby, Meyer, and 
Chaffee (5), and for sulfonamide resistant 
pneumococci by McKee and Rake, and Rob- 
inson. In view of the frequency with which 
staphylococci were isolated from cultures in 
these cases, and considering the pathogenicity 
of this organism in infections elsewhere, it 
seems logical to conclude that penicillin is the 
drug of choice for combating this phase of the 
infection in peritonitis. ‘The efficacy of peni- 
cillin in staphylococcal infections is of impor- 
tance not because of a special sensitivity of 
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staphylococci, but because of refractoriness of 
this type of infection to sulfonamide therapy,” 
Dawson and Hobby (2). 

No cases of primary peritonitis were en- 
countered, but considering the frequency with 
which susceptible organisms are the causative 
agent in this disease, it is probable that here 
penicillin should be the chemotherapeutic 
agent of choice. 

Effectiveness of penicillin therapy in these 
infections appears to be directly related to the 
duration of the infection. This clinical experi- 
ence substantiates the very interesting recent 
experimental work of Fauley and associates. 
These naval officers produced peritonitis in 
dogs by ligating all blood supply to the appen- 
dix. (All animals that developed internal fecal 
fistulas were excluded.) One group received 
intramuscular penicillin within 1 hour follow- 
ing operation; the mortality was o per cent. 
The second group were treated after 12 hours; 
the mortality was 21 per cent. The third 
group received no penicillin; the mortality was 
92.6 per cent. 


PREOPERATIVE AND POSTOPERATIVE 
PROPHYLACTIC ADMINISTRATION 


Twenty-five patients with infected wounds 
received penicillin both preoperatively and 
postoperatively as a prophylactic measure. 
Eleven colostomies and 3 ileostomies were 
closed. Seven sinus tracts leading to foreign 
bodies and 4 intestinal fistulas were excised. 
Extensive surgical procedures were required 
in several instances. Hernial defects associ- 
ated with enterostomies were repaired at the 
same operation. 

Treatment consisted of parenteral adminis- 
tration of 10,000 units or 15,000 units every 
3 hours intramuscularly for an average of 3 or 
4 days preoperatively. Treatment was con- 
tinued postoperatively until the patient had 
been afebrile for at least 3 or 4 days. The 
average duration of treatment was 11 days. 

The postoperative course of these patients 
was very gratifying. The local reaction was 
minimal in these operative wounds. In no in- 
stance did a wound become infected or drain 
purulent material. The average postoperative 
course was milder than in similar patients 
operated upon under the same conditions prior 
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to the use of penicillin. One complication was 
encountered following the closure of a colos- 
tomy. On the 6th postoperative day this pa- 
tient developed an elevation of temperature 
to 102 degrees, and there were associated 
signs of peritoneal irritation. The dosage of 
penicillin was increased from 10,000 units to 
20,000 units every 3 hours and sulfadiazine 
was administered intravenously. He improved 
rapidly and his subsequent course was unevent- 
ful. The drug which was responsible for the 
improvement could not be determined. 

From this limited experience it is suggested 
that definitive operative procedures on con- 
taminated wounds may be carried out earlier 
and with greater safety when penicillin is ad- 
ministered prophylactically. 


POSTOPERATIVE TREATMENT OF 
INFECTED SURGICAL CONDITIONS 


Pylephlebitis 


CASE 13. Male, aged 31 years, was operated upon 
in another hospital for a perforated, gangrenous ap- 
pendix. Postoperatively he had a slight temperature 
elevation. On the oth day a small incisional abscess 
was drained. The temperature remained between 
101 and 102 degrees. He had night sweats and com- 
plained of weakness. On the 18th day his temperature 
rose to 103 degrees and this was the onset of a septic 
course with daily elevations between 104 and 105 
degrees. The white blood count was 18,000, neutro- 
phils 78 per cent and hemoglobin 12 grams. The 
first definite chill occurred on the 23rd day. They 
were severe and recurred frequently thereafter, and 
were followed by profuse diaphoresis. Malaria 
smears and all agglutination tests were persistently 
negative. A diagnosis of ascending pylephlebitis was 
made. There was no response to the usual suppor- 
tive measures or to sulfathiazole or sulfadiazine 
therapy. Aspiration of the liver was done on the 
40th postoperative day; no pus was obtained. X-ray 
films of the chest and diaphragm were repeatedly 
negative. Administration and discontinuance of sul- 
fonamide therapy on 3 occasions resulted in no im- 
provement. 

He was transferred to this hospital on the 49th 
postoperative day. He was extremely weak, tem- 
perature was 103.2 degrees, pulse 110, and he was 
chilling 4 to 5 times daily. There was slight disten- 
tion of the abdomen, but no other findings. The 
sedimentation rate was 61 millimeters. There was a 
mild anemia and hypoproteinemia. A bromsulfalein 
test showed 25 per cent retention in 30 minutes. It 
was the opinion of all consultants that this patient 
was suffering from pylephlebitis. 

Within 24 hours after the initiation of penicillin 
therapy, chilling ceased. The temperature, however, 








it- 


lin 
Tr, 








WOLLGAST: 


remained between 104 and 105 degrees for 7 days, 
gradually reducing thereafter to 100 degrees or less by 
the 16th day of treatment. Treatment was continued 
for a total of 36 days, the temperature remaining 
normal after the 30th day of treatment. Recovery 
was complete. 


No improvement was noted over a 7 weeks’ 
period prior to the use of penicillin, but definite 
improvement followed soon after initiation 
of this therapy. This serious postoperative 
complication was cured by penicillin therapy. 


INFECTED OPERATIVE WOUNDS 


Seven patients whose wounds became acute- 
ly infected following surgery were treated with 
penicillin. Five of these were infected wounds 
before operation and these infections were in- 
creased by surgery. Two were clean cases, 
which were infected at operation. Cultures of 
the drainage from the wounds usually grew 
several organisms, the most constant being 
Staphylococcus aureus. Parenteral therapy 
was administered as previously described. 
When possible local application of penicillin 
(250 units per cubic centimeter) was made 
by injection through catheters or by packing 
the wounds with penicillin saturated gauze. 

Six of these wounds responded remarkably 
to treatment. One wound, although infected 
with penicillin sensitive organisms, was un- 
affected. In this case the local edema, drain- 
age, and healing were not favorably affected 
by large dosage— 20,000 units every 3 hours. 
In addition, this patient was the only one in 
this series that manifested sensitivity to peni- 
cillin. Forty-eight hours after discontinuance 
of treatment he developed widespread, severe 
urticaria, lasting for 2 weeks. 


SUMMARY 


Fifty patients with infected surgical condi- 
tions of abdomen were treated with penicillin 
as a prophylactic or therapeutic measure. 

It is suggested that penicillin sensitive or- 
ganisms, so often cultured from these wounds, 
are an important factor in these infections. 

Twelve cases of patients seriously ill with 
peritonitis, all of whom: recovered, are pre- 
sented. Further use of this drug as an adjunct 
in the treatment of this disease is urged. 
Local administration into the peritoneal cavity 
apparently has a favorable effect. 
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Based upon the results in 25 cases, further 
trial of penicillin as a preoperative and post- 
operative measure in the treatment of infected 
abdominal surgical conditions is suggested. 

We agree with the suggestion of Fauley 
and associates that the early administration 
of penicillin should prove invaluable in the 
prophylaxis and treatment of wounds of the 
abdomen. It is stressed that patients should 
be treated early before widespread dissemina- 
tion and localization of infection have occurred. 


CONCLUSIONS 


Staphylococci, most strains of which are 
sensitive to penicillin, are a factor in the 
course of many cases of peritonitis, and in 
postoperative abdominal wound infections. 

Penicillin is the drug of choice for control- 
ling that part of any infection which is due to 
staphylococci. 

The apparent effectiveness of penicillin in 
certain cases of peritonitis is sufficient to war- 
rant further investigation. 

Infected abdominal wounds, in many in- 
stances, can be operated upon earlier and more 
safely if penicillin is administered as a preop- 
erative measure. It is our opinion that the 
disability caused by a long continued infec- 
tion, can here, as well as elsewhere, be reduced 
by the judicious use of penicillin. 

These observations were made at McCloskey General 
Hospital, Temple, Texas. 
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WAR SURGERY OF THE ABDOMEN 


PAT R. IMES, M.D., F.A.C.S., Major, M.C., A.U.S., Louisville, Kentucky 


HE risk from wounds of the abdo- 
men in World War II is undoubtedly 
less than in previous wars, but that 
it is yet considerable can be attested 
to by all who have had experience with them. 
In an effort to determine the importance of 
some of the factors influencing the outcome in 
patients with abdominal injuries, a review 
of our experience in an evacuation hospital 
during the first year of the Italian campaign 
is presented. During this period we have 
been located relatively far forward, almost 
always within 5 to 25 miles of the front, 
and for approximately one-half of that time 
were one of the most forward hospitals. For 
the other half of the period, other hospitals 
have been in front of us and have usually re- 
ceived the more seriously injured patients. 
Our treatment of abdominal injuries has 
been definitive in character and in most in- 
stances complete. Since it is necessary for an 
evacuation hospital to be ready to receive a 
rather sudden and relatively large influx of 
patients, we have evacuated patients to gen- 
eral hospitals for secondary operative pro- 
cedures, such as closure of colostomies and the 
care of infected wounds. Those patients mak- 
ing most satisfactory recovery have likewise 
been evacuated to the rear for their continued 
convalescence. We have been able to hold all 
our patients until they could be safely trans- 
ported and most of them were well on their 
way to complete recovery. A postoperative 
time interval of 7 to 12 days has usually 
proved sufficient. During occasional periods 
of great stress, evacuation of patients has 
necessarily been earlier. It is only reasonable 
to assume that there have been some post- 
operative incidents and perhaps a few deaths 
of which we are not cognizant and which can- 
not be included in this report. It is believed 
however, that the mortality figures are prac- 
tically complete. 
We have admitted 401 patients with abdom- 
inal injuries of sufficient severity to require 
laparotumy. Forty-three of these patients 


were evacuated to us after their operations in 
more forward hospitals. There were 3 deaths 
in this postoperative group. Three hundred 
and fifty-eight patients were received by us 
for their initial definitive treatment and form 
the basis for this study. 


PREOPERATIVE CARE 


Abdominal injuries are commonly associ- 
ated with a marked degree of shock, and it is 
imperative to improve the patient’s general 
condition before operative procedures are un- 
dertaken. The treatment consists of restora- 
tion of the circulating blood volume by the 
use of blood plasma and whole blood. We 
have a definite preference for whole blood. 
The amount given is determined by the pa- 
tient’s response. A systolic blood pressure 
stabilized above 100 millimeters of mercury 
is highly desirable. Not uncommonly, three 
or four thousand cubic centimeters of plasma 
and blood are required in the more seriously 
injured. These infusions are best given rela- 
tively rapidly, and two veins are occasionally 
chosen to expedite their flow. A few hours’ 
time may be used to advantage in obtaining 
the maximum improvement, provided the 
possibility of continued hemorrhage and the 
hazard of delay in closing intestinal perfor- 
ations are kept in mind and judiciously con- 
sidered. For the entire series an average of 5 
hours elapsed between the time of admission 
and operation. Much of that delay was due 
to the not uncommon back-log of a large num- 
ber of casualties. Rarely was it necessary to 
elect a period of longer than 3 hours for pre- 
operative treatment. 

Concomitant with the improvement in the 
patient’s general condition a careful appraisal 
of the abdominal catastrophe is made. Par- 
ticular attention is paid to the location, char- 
acter, and extent of the wounds. The possi- 
bility of missiles entering the abdomen from 
above, below, from the sides and back as well 
as from the front must always be kept in mind. 
Likewise the possibility of subparietal intra- 
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abdominal injuries is indicated by the pres- 
ence of 9 such cases in this group. 

When there are penetrating wounds with 
retained missiles a roentgenographic study 
is made as soon as the patient’s status war- 
rants. The presence and location of the re- 
tained missile is of great importance in deter- 
mining whether or not there has actually been 
peritoneal penetration and the subsequent 
planning of the operative procedure. 

Examination of a urine specimen is impor- 
tant in determining the presence of injuries 
to the urinary tract. Rectal examination, fre- 
quently by proctoscope, has often revealed a 
previously undiagnosed lower bowel injury. 

Emptying the stomach by inserting a gas- 
tric tube preoperatively has greatly facilitated 
upper abdominal procedures and diminished 
the likelihood of aspiration of vomitus. 

Preparation of the operative field has con- 
sisted of shaving and cleansing with soap and 
water. 

TIME LAG 

In spite of our relatively close proximity to 
the front, the interval between time of injury 
and admission, an average of 11 hours has fre- 
quently been considerably prolonged, which 
can be largely attributed to the difficulty en- 
countered in moving casualties in mountain- 
ous terrain. 

The time lag between injury and the insti- 
tution of surgical care has long been consider- 
ed a major factor in the mortality rate, and it 
would seem justly so. That time lag is not the 
most significant factor, however, is clearly 
shown in Table I. The extent of the injury 
and the presence of shock are so much more 
important factors that the time lag itself is 
eclipsed. It is our impression that infection, 
which is so markedly influenced by the time 
interval, has been greatly diminished as a fac- 
tor in mortality as a result of chemotherapy. 
Even in the group of cases with perforation of 
the gastrointestinal tract in which infection 
might be expected to be the major factor after 
a prolonged time interval, no such conclusion 
can be drawn from our experience. 


ANESTHESIA 


Ether has been][the anesthetic agent of 
choice. Its administration through an endo- 


TABLE I.—INFLUENCE OF TIME INTERVAL BE- 
TWEEN INJURY AND OPERATION, ON THE 
MORTALITY IN) 327 CASES IN WHICH THE 
INTERVAL WAS KNOWN 
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tracheal tube is preferred. The tube affords 
better control of the respiratory exchange and 
depth of anesthesia. Operative procedures, 
particularly in the upper abdomen, are greatly 
facilitated. It affords the opportunity for 
turning of the patient for the care of back and 
extremity wounds with less difficulty than 
when other methods are employed. The like- 
lihood of aspiration of foreign material is re- 
duced to a minimum and the ease with which 
secretions are aspirated from the tracheobron- 
chial tree are most important considerations 
in the prevention of postoperative pulmonary 
complications. No untoward effects have 
been observed from its use. 

Spinal anesthesia has been used infrequent- 
ly because of present or impending shock and 
the frequency of operative procedures which 
required a longer period of time than the an- 
esthesia would last. Pentothal does not af- 
ford sufficient relaxation of the abdominal 
musculature for its more general use. 


MISSILE PRODUCING WOUND 


The type of wound and the kind of missile 
producing it have little or no influence on the 
mortality as is shown by the following figures. 
Of a total of 358 cases there were 349 with 
penetrating or perforating wounds and 9 sub- 
parietal wounds. Of the 349 penetrating or 
perforating wounds, there were 233 from shell 

























































































SURGERY, GYNECOLOGY AND OBSTETRICS 
TABLE II.—RELATIVE MORTALITY RATES IN CASES OF SINGLE VISCERAL INJURY 
AS COMPARED TO THOSE CASES OF MULTIPLE VISCERAL INJURIES 
Only viscus injured Wie sepdet ney Total 
Viscus 
Cases Deaths Mortality Cases Deaths Mortality Cases Deaths Mortality 

% % % 
Stomach Bane. i 4 ° ° 20 10 50 22 10 45 
Duodenum =| ot ° ° 9 7 wy 10 7 a 
Small intestine | | iJ A gy Sr 12 44 7 18 4! 905 24 25 
Colon. Santitel | _ - 2 es 51 ian 22 43 83 24 29 a 
Rect: io | mer << ~ ae Oe ee oH 14 5 36 36 7 19 
Liver nil | as 33 | et a 32 14 ot 7° i 18 25 
Gall bladder | ‘it se —_ - es ae a e a 4 : i 2 5° 4 2 5° 
Pancreas - : | a - a es I ° "ra Ir 4 36 13 4 - 3e 
Spleen aaa | _ 6 ay, , a. 7) ee 20 ¥ Xe 12 60 36 7 16 44 
Kidneys ; 7 | i. a 2 - 17 a 29 15 51 4! if 17 41 
Bladder _ - ai rit - t.. =. a ry ae 10 “a 2 20 15 2 ‘a 2 13 
fragments, with 49 deaths, or a 21 per cent volved, there were 20 deaths, a mortality rate 
mortality; 78 from bullets, with 16 deaths or of 11 percent. In 105 cases with two or more 





a 20 per cent mortality; 14 from mine frag- viscera injured there were 42 deaths, a mortal- 
ments with 3 deaths, or a 21 per cent mortal- ity of 40 per cent. Such a contrast in mortality 
ity; 2 from bomb fragments with no deaths; is shown for each viscus and is particularly 
3 from stab wounds with no deaths; and in apparent for the upper abdominal viscera. It 
18 cases the instrument of injury was not is believed that the great frequency of multi- 
stated. In these 18 cases there were 2 deaths, ple visceral injuries in upper abdominal 
an 11 per cent mortality. Of the 9 subparietal wounds largely accounts for their relative in- 
wounds there were 2 deaths, or a mortality of creased risk. In speaking of the mortality 
22 per cent. In all there were 72 deaths ora from specific visceral injuries, it is important 
mortality of 20 per cent. to indicate which cases are included. Thus, 
from our experience with 32 patients with 
wounds of the colon there were 2 deaths, a 
The location of the wound and location of mortality rate of 6 per cent; however, in 51 
the missile, as determined by roentgenogram, patients withassociated injuries to other viscera 
are the chief factors in determining the type there were 22 deaths, a mortality rate of 43 per 
of incision to be used. Contrary to a rather cent. 

common belief that missiles may wander 
about with most unpredictable consequences, There were one or more perforations of the 
it has been our experience that they traverse stomach in 22 cases, an incidence of 8 per cent 
the abdomen in a straight course, and usually of 286 cases with visceral injuries. In only 2 
the resulting injury may be suspected with a cases was the stomach the only viscus injured. 
high degree of accuracy. On that assumption In 6 cases the spleen was the only additional 
the incision is chosen which will afford the viscus injured. In 4 cases the spleen and other 
best exposure and thereby facilitate the opera- viscera were involved. The remaining 10 cases 
tion. E are those with associated wounds of the liver, 
reas Ce Vane Sage gall bladder, pancreas, colon, small intestine, 

As shown in Table II the mortality is di- and kidneys in various combinations. 
rectly proportional to the extent of visceral The stomach was approached through a 
injury. In 181 cases with a single viscus in- left thoracic incision in 9 cases, all of which 
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had thoracoabdominal wounds; and through 
an abdominal incision in 13 patients, 40f whom 
had thoracoabdominal wounds. Simple clo- 
sure of the perforations was effected by sutur- 
ing with catgut and occasionally reinforcing 
with interrupted silk. There was no instance 
of overlooked perforations or postoperative 
complications from leakage or bleeding. 

There were 10 deaths in this group, all of 
whom had associated injuries to other viscera. 
In 7 of this group the spleen was injured. All 
died relatively early following injury and in 
none was infection a significant factor. 


WOUNDS OF THE DUODENUM 


There were 10 cases with perforation of the 
duodenum, an incidence of 4 per cent. All but 
one of these had associated injuries to other 
viscera. 

Closure of the perforations was accomplish- 
ed by suturing with catgut and reinforcing 
with silk or cotton. Extensive mobilization of 
the duodenum was necessary for the exposure 
and accurate inversion closure of the retro- 
peritoneal perforations. In 2 cases in which 
this was not done postoperative fistulas de- 
veloped which were largely responsible for 
the deaths. A fistula developed and proved 
fatal in a third patient whose precarious condi- 
tion did not permit adequate search for, and 
the closure of, a perforation. 

There were 7 deaths, all of which had 
associated injuries to other viscera. Except 
for the 3 in which fistulas developed, the 
duodenal injuries per se did not seem to war- 
rant the usual hopeless prognosis given them. 


WOUNDS OF THE SMALL INTESTINE 


There were perforations of the small intes- 
tine in 95 cases, an incidence of 33 per cent. 
In 44 of these cases there were associated in- 
juries to other viscera. The number of perfor- 
ations varied from 1 to 30—with an average of 
3-7 per case. The ileum was injured in 46 
cases, the jejunum in 43 cases, and both in 6 
cases. 

Simple closure of the perforations with cat- 
gut was the usual method of treatment. When 
it was thought that simple closure of multiple 
perforations in a relatively short segment of 
the bowel would result ina mechanical obstruc- 


tion or prove too time consuming, the involved 
segment was resected and an end-to-end anas- 
tomosis was done. Resection was done in 27 
cases. In 3 of these cases 2 segments were re- 
sected and 2 anastomoses were done, and in 
one 3 resections and anastomoses. There were 
no serious postoperative complications (fis- 
tulas, leakage, or obstruction) from these pro- 
cedures, during the period of our observation. 
From the viewpoint of mortality, our exper- 
ience, although too limited to be conclusive, 
fails to show the increased risk of resection 
and anastomosis over simple closure as we have 
employed them; and in spite of the usual 
greater degree of injury, at least to the small 
intestine, in the group having resections. 

In 51 cases with only the small bowel in- 
volved there were 6 deaths. In 44 cases with 
associated injuries to other viscera there were 
18 deaths. The mortality from ileal wounds, 
13 deaths in 46 cases, was somewhat greater 
than that from jejunal ones (10 deaths in 43 
cases), but that fact was of doubtful signifi- 
cance on detailed case study. 


WOUNDS OF THE COLON 


The colon was involved in 83 cases, an in- 
cidence of 28 per cent. In 51 cases there were 
associated injuries to the other viscera. In 8 
cases two segments of the colon were injured. 

The procedures employed in the colon cases 
were more varied than were those for the 
small intestine. Because of the relative im- 
mobility of the colon, closure of large perfora- 
tions and resection, with primary anastomosis, 
as are used for small bowel injuries, are more 
difficult and time consuming, and, conse- 
quently, more hazardous. Too, the colon may 
be exteriorized with less distressing and dis- 
turbing consequences to the patient than can 
the small intestine. The contention of those 
who hold that all wounds of the colon should 
be exteriorized because of its poor healing ten- 
dency and the greater than apparent tissue 
damage from shell fragments is not supported 
by our experience. Primary suture of per- 
forations in 25 cases was done without diffi- 
culty arising from lack of their remaining 
closed. The inconvenience of a colostomy, the 
saving in nursing care, the avoidance of pro- 
longed hospitalization, and the avoidance of 
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another major operation, with as great like- 
lihood of colonic fistula as in primary closure, 
are obvious advantages. Equally obvious is 
the advantage of quickly exteriorizing a badly 
damaged segment of colon, particularly if its 
blood supply is questionable. The procedure 
used should be determined chiefly by the ex- 
tent of the injury. 

There were 24 deaths in this group of 83 
cases; with 2 exceptions all deaths were in pa- 
tients having associated injuries to other vis- 
cera (51 cases). 

WOUNDS OF THE RECTUM 

The rectum was injured in 36 cases, an in- 
cidence of 12 per cent. In 22 cases it was the 
only viscus injured; in the remaining 14 cases 
there were associated injuries to other vis- 
cera—the bladder in 5 cases, the sigmoid in 1 
case, and the small intestine in 8 cases: In 7 
cases the rectum was perforated above the 
peritoneal reflection. 

Sigmoid colostomy and free drainage of the 
presacral region with excision of the coccyx 
and closure of the perforation when possible, 
were done on all patients with perforations 
below the peritoneal reflection, with a single 
exception. This patient had a large sacral 
wound which it was believed would afford ade- 
quate drainage. Although he had fractures of 
both legs and his general condition was never 
satisfactory, at autopsy it was thought that 
the inadequately drained presacral infec- 
tion was the chief factor in his death. In the 
7 cases with perforations above the peritoneal 
reflection, the perforations were closed and a 
proximal sigmoid colostomy was done. Three 
of these patients either had, or were suspected 
as having, an additional perforation lower 
down in the rectum and had presacral drain- 
age from below. In performing the colostomy, 
it is essential to construct a spur and transect 
the bowel in order completely to divert the 
fecal stream. Postoperative cleansing of the 
distal segment of feces by means of daily irri- 
gations diminishes the likelihood of pararectal 
infection and also facilitates healing of the 
rectal wound. 

All deaths in this group, with two excep- 
tions, occurred in those patients with associ- 
ated visceral injuries. 
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WOUNDS OF THE LIVER 

The liver was injured in 70 cases, an inci- 
dence of 24 per cent of all cases having visceral 
injuries. In 38 cases it was the only viscus in- 
jured and in the remaining 32 cases there were 
associated visceral injuries. The extent of the 
injury varied from a slight penetration with 
little hemorrhage to extensive lacerations with 
massive hemorrhage. In 4 additional cases 
in which small (less than 0.5 cm. in diameter) 
roentgenographic study revealed missiles ap- 
parently retained in the liver and in which 
there was no clinical evidence of other visceral 
injury, exploration was not done. These 4 
patients recovered uneventfully. In carefully 
selected cases such conservatism seems justi- 
fied. 

Wounds of the liver were drained routinely 
with a wick of dry gauze in a Penrose ciga- 
rette drain which was brought out through a 
stab wound, usually placed in the flank. The 
drain was left in place for 7 or 8 days, then 
gradually removed. In only 3 or 4 cases was 
there significant biliary drainage following re- 
moval of the drain. Missiles deeply imbedded 
in the liver were not disturbed. Loose frag- 
ments of liver were removed. Suturing of lac- 
erations was not attempted. 

In the 38 cases with only the liver injured 
there were 4 deaths, whereas in the 32 cases 
with associated visceral injuries there were 
14 deaths. Liver wounds, like those of other 
single visceral injuries, have a surprisingly 
favorable prognosis. 


WOUNDS OF THE GALL BLADDER 


The gall bladder was injured in 4 cases, an 
incidence of 1.5 per cent of those having vis- 
ceral injuries. In an additional case it was 
torn loose from its hepatic bed, but the viscus 
was otherwise intact and required no particu- 
lar treatment other than suturing back in 
place. There were associated injuries to other 
abdominal viscera in all cases. In fact, the 
gall bladder injury was considered rather in- 
cidental and presented no great problem. 
Neither did it appear to be a significant factor 
in the 2 deaths that occurred in this group. In 
3 cases with perforations of the gall bladder, a 
catheter cholecystostomy was done. In the 
fourth case, the viscus was so extensively lac- 
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erated that cholecystectomy was the proce- 
dure of choice. 


WOUNDS OF THE PANCREAS 


The pancreas was injured in 13 cases, an in- 
cidence of 5 per cent of all cases with visceral 
injuries. In only 2 cases was it the only viscus 
injured, 11 having associated injuries to other 
viscera. In an additional case there was a 
rupture of a pancreatic cyst from a subparieta] 
injury. 

Wounds of the pancreas were routinely 
packed and drained by use of a wick through 
a Penrose drain brought out through a stab 
wound. In no case was there drainage of suf- 
ficient pancreatic secretion to irritate the 
skin. 

Although too few cases to be conclusive, 
injuries to the pancreas do not appear to war- 
rant the grave prognosis usually given them. 


WOUNDS OF THE SPLEEN 


The spleen was injured in 36 cases, an inci- 
dence of 13 per cent of all cases having visceral 
injuries. The severity of the injury varied 
from slight lacerations or penetrations to ex- 
tensive lacerations. In like manner the hem- 
orrhage from the splenic injury varied from 
slight to massive. In 16 cases the spleen was 
the only viscus injured. In 20 cases there were 
associated visceral injuries. 

Severe injuries to the spleen with active 
hemorrhage demand more urgent operative 
intervention than do wounds to other viscera, 
and when the abdomen is opened, care of the 
bleeding spleen should receive priority over 
that for other visceral wounds. The surgical 
approach may be either through the chest and 
diaphragm or from below, preferably through 
a subcostal incision. In 19 cases, all of which 
had thoracoabdominal wounds, the approach 
was through the chest. In 17 cases, 10 of 
which had thoracoabdominal wounds, the ap- 
proach was through the abdomen. A subcostal 
incision was used in 11 cases, a rectus incision 
in 6 cases. In 21 cases splenectomy was done. 
In 15 cases, in which wounds were relatively 
slight, and there was no active bleeding at the 
time of operation, the spleen was not removed. 
Conservatism in this latter group seems justi- 
fied, and although there were 7 deaths all were 


attributed to associated injuries of other vis- 
cera, and at autopsy in no case was there found 
evidence of further hemorrhage from the 
spleen. The possibility of secondary hemor- 
rhage in those patients recovering, later than 
our period of observation, has been recognized; 
however, no instance of such is known to have 
occurred. 

The seriousness of splenic injuries, particu- 
larly when associated with injuries to other 
viscera is shown in the fact that in 20 such 
cases 12 died. The mortality for the entire 
group was 44 per cent, or 16 of a total of 36 
cases. 

WOUNDS OF THE KIDNEYS 

The kidneys were injured in 41 cases, an in- 
cidence of 14 per cent of the group having vis- 
ceral injuries. The right kidney was involved 
in 23 cases, the left in 17 cases and in 1 case 
both were injured. The presence of renal in- 
jury was almost always suspected from the 
location of the wound of entry and the loca- 
tion of the missile by roentgenogram. The 
presence of gross hematuria was a frequent 
finding in this group. The wounds varied 
from slight contusions, ruptures, and penetra- 
tions to extensive lacerations. There were as- 
sociated injuries to other abdominal viscera 
in 29 cases, only 12 patients having injury to 
the kidneys alone. 

The traumatized kidney, in our experience, 
is best exposed through a subcostal incision. 
This incision was used in 16 cases, a rectus in- 
cision in 16 cases, a flank incision in 6 cases, 
and a transthoracic approach in 3 cases. 

In 16 cases the injury was sufficiently ex- 
tensive, in the opinion of the surgeon, to war- 
rant nephrectomy. In the remaining 25 cases 
more conservative procedures, such as a gauze 
pack or drain in 16 cases, renal suture in 4 
cases and nephrostomy in 1 case were used. 
In 4 cases the injury was found to be of such 
slight degree as to require no particular treat- 
ment. In no patient having these conserva- 
tive procedures was there significant post- 
operative renal hemorrhage or infection while 
under our observation. 

There were 17 deaths in this group of 41 
cases, a mortality rate of 41 per cent. In the 
12 cases with only renal trauma there were 2 
deaths, neither of which was attributed to the 
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renal injury per se. There were 8 deaths in 
the 25 patients not subjected to nephrectomy. 
This is of doubtful significance, however, since 
they had extensive associated visceral injuries. 
The fact that a less severely injured kidney 
can be saved without undye risk of subsequent 
morbidity is sufficient justification for con- 
servatism whenever possible. 


WOUNDS OF THE BLADDER 


The bladder was injured in 15 cases, an in- 
cidence of 5 per cent of the group having vis- 
ceral injuries. In 5 cases the bladder only was 
involved, in 4 cases the rectum was injured, in 
4 cases the small intestine was injured, and in 
2 cases the small intestine and rectum were the 
sites of associated injuries. 

Suture of the bladder perforation, with a 
suprapubic cystostomy, and a drain to the 
space of Retzius was the routine employed. 

There were 2 deaths in this group. One 
death was a result of shock following a large 
shell fragment wound through the sacrum, 
rectum, and bladder and in spite of massive 
infusions of whole blood and plasma. The 
other death was the result of an associated 
perforation in the small intestine which was 
not discovered at operation. 


WOUNDS OF THE URETERS 


Of the 286 cases with visceral injuries, only 
in one was there a severed ureter. This pa- 
tient had a gunshot wound perforating his left 
thigh, pelvis, and right buttock. There were 
compound comminuted fractures of the left 
femur and multiple fractures of the pelvis. At 
operation he was found to have a perforation 
of the distal ileum, the base of the bladder was 
extensively lacerated, and the right ureter was 
severed about 4 centimeters above the uretero- 
vesical juncture. The ureter was reimplanted 
into the bladder. Closure of the lacerated 
bladder was incomplete and a drain was in- 
serted down to it. A suprapubic cystostomy 
was done. Except for some urinary drainage 
from the bladder wound his convalescence 
was uneventful. 


THORACOABDOMINAL WOUNDS 


There were coexisting wounds of the thorax 
and abdomen in 105 cases. These wounds 


SURGERY, GYNECOLOGY AND OBSTETRICS 


were caused by a single missile with perfora- 
tion of the diaphragm in 98 cases. In the 7 
other cases the thoracic and abdominal wounds 
were caused by separate missiles. 

In the treatment of these cases, considera- 
tion of the chest wound has received priority, 
particularly if there was respiratory difficulty. 
Once that difficulty was relieved and the gen- 
eral status of the patient permitted, the ab- 
dominal injury was cared for. 

The choice of operative approach to the ab- 
dominal injury is a point about which there 
is much controversy, but in our experience of 
doubtful importance. 

There were 31 deaths in this group of 105 
cases, 2 of the deaths occurring in patients 
who failed to survive long enough for their 
surgery to be undertaken. Although the mor- 
tality rate for cases with thoracoabdominal 
wounds is slightly greater than that for the en- 
tire series, it is not remarkably different from 
wounds involving the upper abdominal vis- 
cera with which the comparison should be 
made. . 

Thus, it may be concluded from our exper- 
ience, that thoracoabdominal wounds carry 
about the same prognosis as those involving 
the upper abdomen alone once the respiratory 
disturbance, if present, is relieved. The choice 
of operative approach has no apparent signi- 
ficant relationship to the mortality. 


NO VISCERAL INJURIES 


The abdomen was explored without finding 
significant injury to a viscus in 64 cases. This 
group undoubtedly would have fared better 
without laparotomy, and in our desire not to 
err on the other side, which did not occur, per- 
haps a few were subjected to operation with- 
out sufficient justification. In 20 cases a re- 
troperitoneal hematoma was found at opera- 
tion which gave rise to abdominal tenderness 
and some degree of muscular spasm, which in 
addition to a penetrating wound, usually of 
the back, made laparotomy seem advisable. 
In 17 cases exploration of the abdomen was 
done because of roentgenographic evidence of 
a foreign body so situated that we could not 
be certain whether or not it had penetrated 
the peritoneum. This number would be con- 
siderably larger were it not for our policy of 
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TABLE III.—EXPERIENCE WITH CHEMOTHERAPY IN 243 CASES WITH PERITONEAL 
PENETRATION OF WHICH 157 CASES HAD HOLLOW VISCERAL PERFORATION 
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débriding and exploring such questionable 
wounds primarily. In many instances the mis- 
sile has been found extraperitoneally obviat- 
ing the necessity for laparotomy. In 14 cases 
with penetrating wounds of the anterior ab- 
dominal wall and muscular rigidity the peri- 
toneum had not been penetrated. In 6 cases 
with penetrating chest wounds and marked 
rigidity of the abdomen in which the missile 
was found on roentgenogram to be situated 
questionably just above or below the dia- 
phragm, and in perforating chest wounds in 
which the missile may have also perforated the 
diaphragm, the abdomen was explored and 
found negative. The frequency of finding ab- 
dominal rigidity associated with purely chest 
wounds was considerable and these 6 mistakes 
were made in spite of our cognizance of the 
fact. In 3 cases there was massive destruction 
of the abdominal wall from large shell frag- 
ments but the peritoneum at laparotomy was 
found intact. One of these cases developed 
a fulminating clostridial infection in a large 
flank wound which proved fatal. The only 
other fatality was the result of asphyxia from 
aspirated vomitus before recovery from anes- 
thesia. 
CHEMOTHERAPY 

There can be little doubt that chemothera- 
py has played a significant réle in the low in- 
cidence of peritoneal infection following ab- 
dominal injuries. Table III shows our exper- 
ience with chemotherapy in 243 cases with 
proved peritoneal penetration or with perfor- 
ation of the intestine from subparietal injury. 

In 112 patients receiving sulfonamides there 
were 3 deaths attributed to “‘preventable per- 


itonitis.”” In 131 patients receiving penicillin 


there were 4 deaths attributed to “prevent- 
able peritonitis.” 

Of the 5 other patients dying from periton- 
itis, 3 had diffuse suppurative peritonitis at 
time of operation, one had an overlooked per- 


TABLE IV.—ANALYSIS OF DEATHS 











Cause of death Cases Remarks 
Shock 36 





8 deaths occurred in the preoperative 
ward; most of the others died within 
24 hours following operation. Aver- 
age time lag for this group: injury to 
to admission, 7 hours; admission to 
operation, 5 hrs. 





Peritonitis 12 3 patients had diffuse suppurative 
peritonitis at time of operation. An 
overlooked perforation in 1 case re- 
sulted in peritonitis. Severe shock in 
1 case, in addition to moderate peri- 
tonitis, is included in this group. 
Average time lag for this group; in- 
jury to admission, ro hours; admis- 
sion to operation, 4 hrs. 





Mostly bronchopneumonia — ques- 


Pulmonary | 5 
tionable blast influence in 3 cases 


complication 














Anesthesia 4 Asphyxia from aspirated vomitus in 1 
case. Asphyxia from nitrogen gas in 
1 case. Convulsion while under ether 
_ anesthesia in 2 Cases. 

Duodenal Fistula 3 2 deve loped fistulas | following surgic cal 
repair of duodenal perforations. 1 
patient developed a fistula from an 
overlooked duodenal perforation 

Associated intracranial 3 Cerebral injury appeared to be 1 major 

injury factor in these deaths 

Anuria 2 Anuria following massive transfusions 
in both cases 

Extraperitoneal 3 Inadequately drained presacral space 


infection infection in 1 patient. Flank infection 
from overlooked perforation of left 
colon in 1 patient. Fulminating 
clostridial flank infection in 1 patient 
without peritoneal injury. 














Cause undetermined 4 2 cases had what appeared to be an 
adrenal syndrome. 1 case had sev- 
ered spinal cord with nothing else 
found to answer for death 

Total | 72 
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foration, and one never recovered from pro- 
found shock. It was felt that these 5 cases 
could not reasonably be charged against the 
efficacy of chemotherapy. The dosages of the 
drugs used were: sulfanilamide powder, 5 to 
10 grams locally; sodium sulfadiazine, 5 grams 
each day intravenously; sulfadiazine grams 1 
four times daily orally; penicillin, units 50,000 
locally and penicillin, units 25,000 every 3 
hours intramuscularly. They were given for a 
period of a week or 10 days, or until the dan- 
ger from peritoneal infection, as determined 
from clinical progress, had passed. 


POSTOPERATIVE CARE 


Careful attention to the details of post- 
operative care is of the utmost importance to 
the severely wounded patient. Since most of 
these patients have been in some degree of 
shock preoperatively and replenishment of the 
circulating blood volume has been started on 
admission to the shock ward, it has been our 
practice to continue the infusions during the 
operation and postoperatively until the hem- 
atocrit and hemoglobin determinations ap- 
proach normal. The gastric tube inserted pre- 
operatively is connected to a Wangensteen ap- 
paratus and suction is maintained until effec- 
tive peristalsis is established. Parenteral 
fluids, plasma and vitamins are given until 
liquids are tolerated by mouth. Chemother- 
apy has been used as described. Particular 
alertness to the development of pulmonary 
complications is necessary. Encouraging 
coughing, turning of the patient frequently, 
and occasional tracheal aspiration as well 
as bronchoscopic aspiration undoubtedly have 
prevented many serious complications. In 
spite of chemotherapy, infection of the opera- 
tive and missile wounds has been a common 
occurrence, and an occasional intra-abdominal 
abscess has developed. Early detection and 
the prompt institution of drainage of these 
infections are most important. Drains and 
sutures are usually removed prior to evacua- 
tion of the patient. Whenever retention su- 
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tures are used, however, they are frequently 
left in place until the patient’s arrival at the 
base. There have been three wound disrup- 
tions in this group while under our observa- 
tion which required secondary closure. 


ANALYSIS OF DEATHS 


As shown in Table IV exactly one-half of 
the deaths were attributed to shock. Many 
of those attributed to other causes had such a 
degree of shock and their resistance was so di- 
minished as to preclude their recovery from 
relatively minor disturbances. It is our im- 
pression that the term “shock” inadequately 
expresses the true condition, because the sta- 
tus of the circulation as determined from the 
blood pressure and pulse rate may seem ade- 
quate, but the diminished vitality from ex- 
tensive wounds with some relatively minor 
complication will result in a fatality. The final 
diagnosis “died of wounds” is probably as 
accurate as any in the present state of our 
knowledge. 

SUMMARY 

1. A review of 358 patients with abdominal 
injury admitted to an evacuation hospital 
during the first year of the Italian campaign 
has been presented. 

2. The extent of the intra-abdominal in- 
jury is the most important factor relative to 
the mortality. Time lag before operation, 
type of missile, and principal viscus involved, 
except for splenic injuries, are overshadowed 
by it and appear relatively insignificant. 

3. Shock was directly responsible for half 
of the deaths and was at least a secondary fac- 
tor in many of the others. This in spite of giv- 
ing large amounts of blood and plasma over an 
average preoperative period of 5 hours. 

4. Infection, peritoneal, retroperitoneal, and 
pulmonary was responsible for about one- 
fourth of the deaths. It is believed that chemo- 
therapy has favorably influenced this factor. 

5. The sulfonamides and penicillin appear 
about equally effective in the prevention and 
treatment of peritonitis. 











ly 
1e€ 
D- 
a- 








GUNSHOT WOUNDS OF THE SPINE 


Observations from an Evacuation Hospital 


JAMES L. POOL, M.D., Major, M.C., A.U.S., New York, New York 


URING the years 1943-1944, !57 pa- 
tients with gunshot wounds of the 
spine were admitted to an evacua- 
tion hospital while on active service 

in North Africa, Italy, and southern France. 
The following report deals primarily with the 
surgical management in the 35 cases (61.4 per 
cent) in which laminectomy was done. 

Of the 35 laminectomies, 3 were cervical, 16 
thoracic, 14 lumbar, and 2 sacral. The neuro- 
logical status showed appreciable postopera- 
tive improvement in 20 cases (57 per cent). 
Of these 20, 12 were lumbar wounds, 5 thoracic, 
2 sacral, and 1 cervical. Eleven patients (31.4 
per cent) showed no postoperative improve- 
ment. There were 4 postoperative deaths in 
hospital, giving an operative mortality rate of 
11.4 percent. The highest mortality occurred 
in the combined chest-spine wounds (2 fatal- 
ities of 6 such cases). The highest incidence 
of neurological improvement was noted in the 
lumbar-cauda equinal group (12 of 14 cases.). 
The dura mater was intact in 24 cases and 
lacerated in 11. One spinal cord abscess was 
encountered; and of 2 cases in which a sizable 
shell fragment was removed from the sub- 
stance of the spinal cord, one showed no post- 
operative progress while the other showed 
dramatic neurological improvement. Ten pa- 
tients were considered to be suffering from ir- 
reparable spinal cord contusion. The spinal 
cord lesions due to accidental rather than gun- 
shot wounds are not included in this series. 

Policy. Experience with spinal injuries due 
to gunshot wounds has demonstrated the fact 
that the clinical findings, lumbar puncture 
and x-ray studies (even though stereoscopic) 
do not always give a true estimate of the intra- 
spinal pathology, nor of the prognostic prob- 
abilities. For these reasons each patient 
should be given the benefit of laminectomy, 
dramatic results having been obtzined when 
little hope for such had been entertained. 
One paraplegic soldier, for example, was ope- 


OL 


rated upon 4 weeks after being wounded, at 
which time a thick, epidural cuff of fibrous 
tissue with incorporated bone chips was re- 
moved from the level of the oth thoracic ver- 
tebra. Neurological improvement began the 
first day after operation and continued until 
the patient began to walk 3 weeks later. 

On the principle, therefore, that there is 
everything to gain and little to lose, in this 
class of war wounds laminectomy is encour- 
aged. 


INDICATIONS FOR LAMINECTOMY 


The three cardinal indications for laminec- 
tomy in compound fractures of the spine are 
for: (1) relief of root pain, (2) closure of lacer- 
ated dura (potential avenue for intrathecal in- 
fection), (3) decompression of the cord or cau- 
da equina (probably the least urgent of the 
three). 

1. Relief of root pain is important on two 
counts: In the thoracic level it may seriously 
retard respiratory excursions of the chest wall, 
and discourage coughing—which is essential 
for adequate expulsion of intratracheal mucus; 
in the lumbar level, intense prolonged root 
pain may, through reflex cardiorespiratory ar- 
rest or shock, cause death. 

In support of the last statement a case may 
be cited (unfortunately not seen by a neuro- 
surgeon), in which autopsy revealed a large 
cluster of ragged bone chips entangled among 
the roots of the cauda equina, following gun- 
shot wound at the 2d lumbar vertebra. De- 
spite heavy sedation and morphine, this pa- 
tient suffered almost unremitting, agonizing 
pain in both legs, causing him to scream aloud. 
Death occurred within 24 hours of the injury, 
and was believed to be the result of reflex 
shock occasioned by the acute pain and trau- 
matic stimulation of the affected nerve roots. 

Four of 5 patients having similar severe 
root pain were operated upon with immediate 
postoperative relief. The condition of the th 
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patient did not permit complete revision of 
the badly shredded cauda equina. 

P€At this point it may be of interest to note 
that the operative manipulation of the cauda 
equina, however gentle, sometimes leads to a 
temporary state of shock, which abates as 
soon as the roots are left unmolested. Such a 
state of shock might be averted were the ex- 
posed nerve roots rendered anesthetic by bath- 
ing them in a solution of procaine. In support 
of this suggestion is the fact that lumbar lam- 
inectomy has been done under spinal anesthe- 
sia with no ill effects. 

2. Dural closure. Meningitis occurred in 6 
of the 57 cases. These 6 patients had associ- 
ated paraspinal foci of infection: 1 severe cer- 
vical wound infection, 1 perforating chest 
wound, 3 fecal fistulas, and 1 lumbar wound 
infection (the only 1 of the 6 patients operated 
upon). Three of the 6 had demonstrable la- 
ceration of the dura, and the other 3 presumed 
laceration thereof. Meningitis was not usu- 
ally apparent until the second, third, or fourth 
day after injury. With the aid of chemother- 
apy, it was arrested in all cases save in 2 pa- 
tients of the inoperable group, who died. It 
is significant that of 9 other patients with par- 
aspinal focus of infection and lacerated dura, 
who were given the benefit of laminectomy 
and dural repair, only 1 developed meningitis 
(transitory), and in this instance watertight 
closure of the dura was not achieved. 

The incidence of meningeal infection was 
highest in the lumbar wounds, and occurred 
with greater frequency when the offending 
missile first passed through bowel or lung, be- 
fore striking the spine, rather than the reverse. 

In sum, the following appear to be poten- 
tial predisposing factors to meningeal infec- 
tion: laceration of dura, focus of infection, di- 
rection of missile, and site of spinal wound. 

It is apparent from the foregoing discussion 
that it is desirable to explore all compound 
wounds of the spinal canal for dural laceration 
and to repair them as soon as possible after 
the injury. The spinal cord abscess described 
later might have been averted had laminec- 
tomy and dural repair been possible at an 
earlier date. 

3. Decompression of cord and cauda equina. 
It is a neurosurgical axiom that decompres- 


sion of the spinal cord or cauda equina should 
be done as soon as possible after injury. Ex- 
perience with the present series of battle cas- 


ualties, however, indicates that decompres- . 


sion may be postponed (of necessity) for sev- 
eral days without jeopardizing the chances 
for subsequent postoperative neurological im- 
provement. Particular prudence should be 
exercised with regard to all cases of combined 
chest and spine wounds. Since this group con- 
stitutes at best a considerable operative risk, 
it seems wise to delay laminectomy until the 
cardiorespiratory system is well stabilized. 

In other words, as far as laminectomy for 
purely decompressive purposes is concerned, 
let the general condition of the patient rather 
than his neurological status determine the 
optimum moment for operation. 


NEUROLOGICAL FINDINGS IN ACUTE 
CORD INJURIES 


When complete sensorimotor loss up to the 
level of a cord injury lasts for more that 5 days 
recovery is not likely, despite laminectomy. 
This is less true of cauda equina lesions. 

Sensation. Spontaneous or induced hyper- 
esthesia (painful dysesthesia) usually occurs 
in a unilateral or bilateral girdle-like band, the 
width of 1 or 2 dermatomes at the affected le- 
vel. Dysesthesia of this type probably signi- 
fies root compression or irritation. Below these 
band-like zones there may be hypesthesia 
or anesthesia, depending on the extent and 
severity of the cord lesion. 

Motor signs. Flaccid paralysis is usually 
found initially below the level of total cord 
lesions, and hyperreflexia with or without 
spasticity, positive Babinski sign, etc., with 
early incomplete cord lesions. Urinary reten- 
tion is usually associated with the more severe 
early cord or cauda injuries. 

Plantar reflex. Five patients having com- 
plete spinal cord transection (as seen at opera- 
tion in 4, and at autopsy in 1) had bilateral 
plantar reflexes characterized by slow, irreg- 
ular plantar flexion of one or more toes on 
plantar stimulation, during the first 5 to 10 
days after being wounded. After this interval, 
this reflex became gradually more difficult to 
elicit, until finally it was impossible to obtain. 
While light stroking of the sole of the foot 
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along the course of each metatarsal usually 
resulted in slow “vermicular”’ response of that 
toe, more widespread, sweeping plantar stim- 
ulation would evoke a similar response in sev- 
eral or all the toes of that foot. An appreci- 
able delay was noted between the time of plan- 
tar stimulation and the evoked toe response, 
which seemed definitely reflex rather than 
mechanical in character. Abdominal reflexes 
were not obtained in these patients. The lev- 
els of unequivocable cord transection in these 
cases were at the 2d cervical, 2d, 4th, 6th, and 
7th thoracic vertebrae. 

This ‘delayed vermicular plantar toe re- 
flex” demonstrable in patients having a com- 
plete cord lesion would seem to be at variance 
with the commonly accepted views on cord 
physiology, which teach that the initial find- 
ings are total areflexia below the affected lev- 
el, due to spinal cord “shock.” Another ex- 
ception to this rule was the patient having 
total sensory and motor paralysis below a cord 
abscess at the 7th thoracic vertebra, who was 
subject to frequent spontaneous, painless con- 
tractions of thighs and legs, not unlike the 
“mass withdrawal’ reflex seen in long stand- 
ing cases of cord transection. Yet, in this in- 
stance, these contractions were apparent dur- 
ing the first 20 days after injury. It is hoped 
that other observers will seek for similar signs 
in similar cases, so that a proper explanation 
and evaluation may be arrived at. Another 
neurosurgeon has already mentioned (personal 
communication) seeing these motor responses 
in some of his early cord cases. 


COMPLICATIONS ASSOCIATED WITH 
SPINAL INJURIES 


Chest complications. Hemopneumothorax 
and pulmonary contusion have been associ- 
ated either unilaterally or bilaterally with 6 of 
the 16 thoracic spinal wounds subjected to 
laminectomy. Four of the 6 patients had a 
stormy postoperative course, even though 
they appeared to be in satisfactory general con- 
dition prior to laminectomy. The latter evi- 
dently imposed an added strain on an already 
burdened cardiorespiratory system, mani- 
fested by intermittent shock and dyspnea of 
variable degree, regardless of efforts to combat 
them with repeated thoracentesis, intrapleu- 
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ral catheters, oxygen, transfusions, nasopha- 
ryngeal and intratracheal suction, etc. Two 
of the 6 cases proved fatal. 

Some of the presumed alterations in phy- 
siology encountered in this type of case in- 
clude: (1) incomplete expansion of the lungs 
due to residual hemopneumothorax or pul- 
monary contusion; (2) curtailed oxygenation 
due to respiratory embarrassment occasioned 
by paralysis of the intercostal and abdominal 
musculature; (3) faulty expulsion of mucus be- 
cause of difficulty in coughing, owing primar- 
ily to inability to fix the thoracic cage and ab- 
dominal muscles as a preliminary to the act of 
coughing; (4) tendency to postoperative pul- 
monary congestion on these accounts; (5) pos- 
sible reduction of normal systemic blood pres- 
sure response similar to that sometimes seen 
after spinal anesthesia, due to the flaccidity of 
the paralyzed half of the body. 

Precautionary preoperative measures might 
well include the following: (1) Allow ample 
time for fullest possible stabilization of the 
cardiorespiratory system before laminectomy. 
(2) Encourage deep breathing and coughing 
on regular schedule. (3) Ensure adequate 
blood volume, red blood cell count, and hemo- 
globin values. (4) Resort to a scrupulous and, 
if need be, heroic use of nasopharyngeal and 
intratracheal catheter suction or, when indi- 
cated, bronchoscopy. All of these latter mea- 
sures have been used with obvious benefit and 
success, thanks to help from the chest special- 
ist. (5) Ephedrine preoperatively may serve 
to counteract a tendency to hypotension oc- 
casioned by flaccid paralysis. 

Abdominal complications. Intra-abdominal 
hemorrhage, perforation of bowel, or lacera- 
tion of kidney are urgent indications for 
operation that should precede laminectomy. 

Of the 14 compound comminuted fractures 
of the lumbar spine, 6 required major surgery 
other than laminectomy: 4 nephrectomies, 1 
kidney exploration, 1 laparotomy. Four of the 
6 were improved after laminectomy; 1 showed 
no improvement; and there was 1 death due 
to pulmonary embolus. 


OPERATIVE TECHNIQUE 
Little need be added to the extensive litera- 
ture on the subject of operative technique. 
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It is suggested, however, that normal dura be 
exposed above and below the site of injury, 
so that dissection can be carried thence up to 
the actual point of trauma with least hazard 
to cord and nerve roots. It is usually safer to 
avoid opening the dura in potentially infected 
wounds, unless there is an evident block or 
underlying hematoma. When the dura is lac- 
erated, it should be opened widely, so as to en- 
sure removal of all bone and metal fragments, 
clots, or clothing that may be driven into the 
spinal canal. Nerve roots that are completely 
torn should be cleanly trimmed and their cut 
ends secured, if necessary, with silver clips. 
This procedure effectively alleviates postope- 
rative root pain. It is probably best to avoid 
using the electrocautery in close proximity to 
cord or roots, lest its disseminated heat fur- 
ther damage these structures. The dura 
should always be closed, as it is evident that 
the incidence of meningitis is thereby appreci- 
ably cut down. Dural repair may be accom- 
plished by direct suture, or by a fascial, dural, 
or fibrin film patch. In the closing of a badly 
contaminated wound it is best to leave the 
skin unsutured and approximate only the deep- 
er muscle layers. When extensive loss of tissue 
makes muscle closure impossible, it seems 
best to close the skin and to leave a drain in 
the wound for 24 to 48 hours. Contact of 
sulfa drugs with the spinal cord had probably 
best be avoided. Diluted penicillin, however, 
has proved harmless and effective when in- 
troduced intrathecally, and has been frequent- 
ly used in this manner in this series. 

Spinal fusion has been resorted to on only 
occasion. In this prisoner of war a machine 
gun bullet had penetrated the back, cutting 
across part of the cauda equina at the rst lum- 
bar vertebra, then lodging firmly within the 
body of that vertebra. The wound was grossly 
clean, the destruction of the vertebral body 
considerable, so that it seemed both safe and 
expedient to pack clean bone chips (from the 
adjacent spinous processes) firmly into the 
wound, flood with penicillin solution, and 
close tightly. The patient made an unevent- 
ful recovery, showing surprisingly prompt and 
rapid neurological improvement, so that it 
was felt that he would eventually be able to 
walk and void reasonably well. Roentgen- 


ograms taken 2 weeks after operation showed 
no signs of osteomyelitis. 

Postoperative care. The usual measures 
should be taken, including frequent turning, 
the aspiration of mucus as indicated, and sul- 
fadiazine or penicillin or both as preventative 
chemotherapy. The legs should be elevated 
when the patient is paraplegic (1) to avoid 
overstretching of muscles, (2) to avert undue 
venous stasis and the risk of consequent throm- 
bophlebitis. Active and passive exercises 
should be encouraged, and an ambulatory pa- 
tient assigned to this task in busy hospitals. 
Suprapubic cystotomy has proved desirable 
in all patients having partial or total bladder 
paralysis. When these patients are transfer- 
red to a general hospital tidal drainage can be 
instituted. 


COMMON CORD LESIONS 


The common cord lesions seen in this series 
include the following: spinal cord concussion, 
contusion, crushing, laceration, hematomyel- 
ia, and mechanical physiological block. Com- 
binations of some of these conditions have 
been observed in several cases, sometimes lead- 
ing to difficulty in establishing a correct classi- 
fication. 

Concussion. Signs and symptoms of par- 
tial or complete cord dysfunction at the level 
of injury, which as a rule begin to clear away 
within a few hours at most, following injury, 
and clear completely by the end of 5 to 20 
days. This condition is usually the result of 
an impact directed against a vertebra, whence 
the force is transmitted to the cord. The mis- 
sile may, however, pass close to the spinal ca- 
nal without touching a vertebra; more often 
it passes through, or into, part of a vertebra 
or ricochets off it. Thus there may or may not 
be an associated fracture. Generally, there is 
no dural penetration, though the dura may be 
struck or grazed by the offending missile or a 
detached bone chip. Concussion of the cord 
probably represents temporary disturbance 
of neuronal physiology due to sudden jarring 
(acceleration) of the cytoplasm. 

Contusion. Cord signs and symptoms of 
persistence usually indicate more lasting, if 
not permanent, cord damage due to direct 
physical rather than physiological cell trau- 
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ma, or associated ischemic and hemorrhagic 
changes, or both. The injury is essentially the 
same as that described for concussion, but 
more drastic. A contused cord may be soft, 
mushy, and edematous at the site of injury, 
and may or may not look swollen or hemor- 
rhagic, depending on the type and severity of 
the injury. 

Crushing, lacerating, or hemorrhagic (hem- 
atomyelia) cord lesions may simulate con- 
cussion or contusion from the clinical stand- 
point, but can usually be readily recognized on 
direct inspection at operation or autopsy. 

Abscess. Abscess of the midthoracic cord 
was encountered only once in this series. Lam- 
inectomy was done for a total cord lesion at 
the level of the 7th thoracic vertebra. There 
was partial spinal fluid block, xanthochromic 
fluid, and 4 plus protein. The patient had 
been wounded 20 days prior to operation by a 
bullet that perforated the right pleural cavity 
before fracturing the 7th thoracic neural arch. 
There were no clinical or cerebrospinal fluid 
signs of meningitis. At operation the cord at 
the level of injury appeared softened, partly 
cystic, and unusually mushy throughout its 
entire diameter for a longitudinal distance 
of 1.5 centimeters. Culture grew “staphylo- 
coccus; numerous micrococci and gamma 
streptococci.” Penicillin was placed in the 
wound before the dura was completely closed. 
The patient recovered with no change in neu- 
rological status and without meningitis. 


MORTALITY 


In the 35 operative cases reported there 
were 4 deaths; in 3 fatalities patients had le- 
sions of the thoracic spine, and 2 of these had 
associated chest wounds. The causes of death 
were : 

1. Pulmonary embolus secondary to throm- 
bophlebitis of left femoral vein. Laminectomy 
was performed for severe compound commi- 
nuted fracture of 1st lumbar vertebra, with 
laceration of most of the nerve roots at this 
level. Probably due to lack of watertight du- 
ral closure this patient also developed tran- 
sient meningitis (culture not reported) which 
was no longer clinically present at time of 
death, nor was there evidence thereof at au- 
topsy. Ever since operation this patient had 
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been receiving sulfadiazine by mouth, and 
penicillin (intramuscular and intrathecal ad- 
ministration). 

2. Hemopneumothorax, persistent despite 
indwelling intrapleural catheter and frequent 
thoracenteses. Laminectomy was done at the 
6th thoracic vertebra. Contusion of cord was 
complete, at autopsy. (Dura not opened at 
operation.) 

3. Hemothorax, left, moderate; atelectasis, 
bilateral; hemoperitoneum—1 200 cubic centi- 
meters of fresh blood from punctured right 
diaphragmatic artery during last thoracentesis 
—evidently the precipitating cause of death. 
Laminectomy was done at the 5th thoracic 
vertebra. Massive hematomyelia of cord was 
found at autopsy. 

4. Brain abscess, left frontal, secondary to 
postoperative, acute, pansinusitis. Death 
occurred despite decompression of abscess and 
sinuses. Laminectomy was done at the rst 
thoracic vertebra. 

It is apropos to mention here that since spi- 
nal lesions may mask pathology in anesthetic 
areas of the body unusual care must be exer- 
cised in searching for such conditions as 
thrombophlebitis in the legs, intra-abdominal 
hemorrhage, etc. 

For purposes of comparison all patients 
having gunshot wounds of the spine admitted 
to this hospital during the years 1943-1944 
have been summarized; that is, the 22 patients 
who would have had laminectomy had their 
condition permitted or warranted, and the 35 
patients just reported, who did have laminec- 
tomy. 

This summary indicates that of the total of 
57 patients nearly two-thirds could be given 
the benefit of a laminectomy; 24 patients, or 
44 per cent, had major associated wounds; 
meningitis occurred in 5 patients not operated 
upon having dural penetration (and 2 of these 
proved fatal) while only 1 transient case oc- 
curred in the group operated upon. Fifty- 
seven per cent of the patients operated upon 
showed marked neurological improvement 
after laminectomy, against 4.5 per cent spon- 
taneous improvement in the series not operat- 
ed upon. 

It is also apparent that the incidence of 
meningitis is highest in the patients having 
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lumbar spine wounds. Finally, though the 
operative group is obviously a selected one, 
the best all around results are apparent in it. 


SUMMARY 


1. All patients with spinal wounds who were 
admitted to an active Army Evacuation Hos- 
pital during the years 1943-1944, due to gun- 
shot wound (battle casualties), and having 
evidence of involvement of the spinal cord or 
root, are reported. 

2. Of a total of 57 patients, 35, or 61.4 per 
cent, were subjected to laminectomy. As to 
mortality rate, neurological improvement, 
and low incidence of meningitis, this group 


had by far the brighter record, as compared 
with the group not operated upon. 

3. The following concepts are discussed: (a) 
advisability of laminectomy whenever indi- 
cated; (b) indications for laminectomy (for re- 
lief of pain, for dural closure, for decompres- 
sion of cord or cauda); (c) advisability of de- 
laying laminectomy in the presence of asso- 
ciated chest wounds, and of early laminectomy 
in cauda equina lesions. 

4. A plantar “vermicular” reflex is de- 
scribed that may prove of value in estimating 
the extent of cord lesions. 

5. Spinal cord concussion, contusion, and 
other injuries are discussed. 











RESECTION OF THE LUNG IN PULMONARY 
SUPPURATIVE DISEASES 


Factors Contributing to Its Progress 


LEFFIE M. CARLTON, Jr., M.D., and W. E. ADAMS, M.D., F.A.C.S., Chicago, Illinois 


APID advancement in the treat- 
ment of nontuberculous suppura- 
tive disease of the lung by surgical 
resection of the involved part has 

been made during the past decade. ‘liis prog- 
ress has been gradual over that period and 
has been due to a number of factors. Among 
the most important of these have been the 
proper preparation of the patient for opera- 
tion, improvement in anesthetic management, 
and operative technique, and a better knowl- 
edge of the postoperative requirements 
including chemotherapy. In view of the 
continued advancement in this field of 
surgery, a report of our experience was 
thought to be justified. 

This study is based on experience with 59 
patients observed mainly during the past 5 
years and consists of 45 operations on 36 
patients for primary bronchiectasis, 9 cases 
of bronchiectasis secondary to bronchial 
tumors and tuberculosis, 7 cases of infected 
cystic disease of the lung, and 7 cases of 
chronic nonspecific pulmonary suppuration. 


PREOPERATIVE PREPARATION 


Patients with chronic infection of the lung 
should be hospitalized for a minimum of 3 or 
4 days for observation and laboratory exami- 
nations before operation. Our patients re- 
ceive the routine laboratory study, viz: 
blood, urine, vital capacity, sputum culture, 
and examination for acid fast bacilli. If 
anemia and hypoproteinemia are present, 
they are corrected by transfusions of whole 
blood. Stereoscopic roentgenograms of the 
chest are made before and after broncho- 
graphy. Bronchography, usually by the 
aspiratory method, is carried out under 
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fluoroscopic control, and all lobes are filled 
and spot films are made. Each patient is 
bronchoscoped. This enables one to rule out 
the presence of a foreign body, new-growth, 
or bronchostenosis. It permits one to ob- 
serve which bronchi are discharging pus and 
the relative amount from each bronchus. 
Repeated bronchoscopic aspiration once or 
twice a week preceding surgery is indicated 
in severe cases in addition to daily postural 
drainage. On the day of operation postural 
drainage is maintained for 10 to 15 minutes, 
an hour before going to surgery. An ear, nose 
and throat specialist checks each patient for 
sinusitis and institutes treatment when neces- 
sary. Before surgery all patients are started 
on sulfadiazine or allied drugs, and the 
older age groups are digitalized. 


OPERATION 


Anesthesia. The anesthesia for these opera- 
tions, as well as for all intrathoracic surgery, 
should facilitate good exposure and provide 
adequate oxygenation and support to res- 
piration. It should necessitate minimal mo- 
tion of the lungs and produce the least 
interference with cardiorespiratory function, 
as well as minimize postoperative complica- 
tions. We have found ethylene plus oxygen 
plus ether administered through a snug- 
fitting face mask, with a McKesson machine, 
to be the most satisfactory anesthesia for 
these operations. 

The patients are placed in the Tren- 
delenburg position of 20 to 30 degrees with 
the operative site upward. This facilitates 
drainage by gravity of mucopus into the face 
mask during surgery. When this is accom- 
plished, very little difficulty due to respiratory 
obstruction has been encountered. Blades 
and Graham (3) have suggested that in 
bilateral bronchiectasis the patients be placed 
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in a semisitting position while the first stage 
is being performed. The secretions from the 
lung tissue being removed would then gravi- 
tate into the dependent infected lobe of the 
opposite side instead of into the trachea and 
thus minimize the danger of suffocation 
during the operation. We have not found the 
use of intratracheal anesthesia to be of any 
real advantage in removing bronchial secre- 
tions, and thus have avoided the occasional 
operative and postoperative complications 
reported with that method. 

Operative technique. Adequate exposure is 
essential and for lower lobectomy is usually 
obtained by the resection of a long segment of 
the 7th fib. For pneumonectomy or upper 
lobectomy, resection of the sth or 6th rib is 
preferable. The phrenic nerve is then crushed. 
This decreases the motion of the diaphragm, 
facilitates the technical procedures, and aids 
in the rapid obliteration of the remaining 
space following resection. Whereas in the 
earlier part of our experience, the tourniquet 
technique and closure of the bronchial stump 
with mattress sutures was employed, during 
the past 2 years the dissection technique with 
individual ligation of vessels as worked out 
and described by Blades and Kent (4) has 
been the procedure of choice in the majority of 
cases. This technique is now used even in 
cases in which the fissure is incomplete or in 
which marked infiltration about the hilum is 
present. This has been one of the major 
factors in the reduction of complications and 
morbidity of lung resection for suppurative 
disease. In the dissection technique the 
vessels are mobilized and doubly ligated with 
linen. If they are of a large caliber and short, 
the distal ligature is a transfixion suture. Be- 
fore division of the bronchus, laparotomy 
pads are placed about this region to minimize 
contamination. Closure of the bronchial 
stump formerly was accomplished by two rows 
of sutures, the proximal one being mattress in 
type. More recently closure has been made 
with a single row of double No. o chromic 
catgut sutures and far fewer postoperative 
empyemas or bronchial fistulas have re- 
sulted. Prior to the placing of sutures the 
bronchial secretions are removed with a dry 
swab following which the mucosa is de- 





stroyed by cauterization with a 35 per cent 
solution of silver nitrate. Since this tech- 
nique has been employed, no bronchopleura! 
fistulas and only 3 empyemas have occurred 
in 22 operations including 4 bilobectomies 
and 1 pneumonectomy. When the dissection 
technique is used care must be exercised in 
ligating the artery and closing the bronchus 
for the blood supply and air passage to the 
adjacent remaining lung may easily be im- 
paired, as pointed out by Blades and Kent 
(4) and Churchill (7). 

After the bronchial stump is closed, 2.5 to 
5 grams of sulfathiazole is sprinkled about 
the bronchial stump and pleural cavity. A 
No. 26 Pezzar catheter is brought out through 
a stab wound in an intercostal space postero- 
laterally for continuous suction drainage of 
the pleural cavity. (In pneumonectomy, 
sulfonamides are not used locally, and the 
pleural cavity is not drained.) All areas of 
atelectasis in the remaining lung tissue are 
reaerated by slightly increasing the positive 
pressure and massaging the lung. The 
chest wall is then closed with two paricostal 
sutures of a double strand of chromic one 
catgut. The intercostal structures are ap- 
proximated with chromic No. oo catgut. 
We have not observed persistent severe pain 
following the use of paricostal sutures as 
have some authors. The pleural space is then 
aspirated by means of a pneumothorax 
apparatus until a negative pressure of ap- 
proximately -10 to -16 centimeters of water 
is obtained. We feel that the re-expansion of 
the lung in this fashion is less apt to produce 
postoperative pneumonitis and _ interstitial 
emphysema than if inflated by the use of 
high intratracheal pressure. 

Immediately following surgery the pa- 
tients are bronchoscoped if there is any 
question of accumulation of secretions in the 
tracheobronchial tree. 

Replacement therapy. ‘There is no doubt 
that fluid and blood replacement therapy 
plays a major réle in the lowered morbidity 
and mortality associated with lung resection. 
White and Buxton (18) have shown that 
1000 to 2000 cubic centimeters of blood are 
lost during a lobectomy and an average of 
1500 cubic centimeters during a pneumonec- 
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tomy. Therefore, our patients undergoing 
lobectomy and pneumonectomy received 1000 
to 15co cubic centimeters of whole blood 
during surgery. In this way anemia, hypo- 
proteinemia, and shock are obviated. It is 
much more desirable to prevent shock than 
to wait for its occurrence before treatment is 
instituted. Infections complicating the opera- 
tion should be less frequent if a normal state 
of the blood, including plasma protein level 
is maintained (6). Wound healing is also 
favored (17). 


POSTOPERATIVE CARE 


The four most important factors in the 
postoperative care are: (1) avoidance of 
anoxia, (2) maintenance of a clear bronchial 
tree, (3) early expansion of the remaining 
lung on the operative side, and (4) control 
of infection. 

Anoxia. Oropharyngeal insufflation of oxy- 
gen is started immediately after surgery and 
is continued for at least the first 24 hours. 
It is known that after pulmonary resection 
there is often a mild degree of anoxemia that 
may last for several days even in the absence 
of serious postoperative complications. Maier 
and Cournand (13) have shown that there 
may be a more prolonged and severe degree 
of anoxia after uncomplicated lobectomy 
than after pneumonectomy. They explain 
this by the fact that the remaining lung 
on the side operated upon aerates poorly 
immediately following surgery, while the 
circulation is not reduced in proportion. 
Thus the difference between circulation and 
aeration accounts for inadequate oxygena- 
tion of the blood leaving the remaining 
lung tissue on the side of operation. Main- 
tenance of a normal status of the blood by 
replacement of blood loss during surgery is 
of primary importance in the prevention of 
anoxia. 

Secretions. It is imperative that the 
tracheobronchial tree be as free as possible of 
secretions, because blockage enhances anoxia, 
atelectasis, and pneumonitis. As already stated, 
patients are bronchoscoped following surgery 
if there is any question of increased bronchial 
secretions. As soon as consciousness is re- 
gained the head of the bed is elevated 45 to 


75 degrees, and the patient is urged to cough 
and move about in bed in order to clear the 
air passages. Catheter suction of the naso- 
pharynx and trachea is employed at the 
slightest indication of secretions in the 
tracheobronchial tree. This not only removes 
secretions readily but stimulates a more 
effective cough for clearing the air passages. 
If the tracheobronchial secretions are removed 
thoroughly following surgery, the tendency 
for further secretions to develop is decreased. 
If cough or catheter suction is insufficient to 
remove the secretions, the patient should be 
bronchoscoped immediately. 

Expansion of the lung. By means of con- 
stant pleural suction (1) and maintenance of 
a clear tracheobronchial tree, we strive to 
overexpand the remaining lung tissue and 
completely obliterate the pleural space as 
rapidly as possible. This usually requires 12 
to 24 hours. Early overexpansion of the re- 
maining lung and obliteration of the space 
reduces the incidence of serious pleural in- 
fections and postoperative morbidity. If 
expansion of the remaining lung tissue fails, 
an empyema may be expected. The drainage 
catheter should be large enough to remove 
the pleural fluid and air as the remaining lung 
tissue fills the hemithorax. If loculation of 
the pleural fluid occurs, thoracentesis is 
immediately performed. A fluoroscopic exami- 
nation is made within the first 12 to 24 hours 
to evaluate the status of the chest, and is 
repeated frequently thereafter during the 
entire period of hospitalization. 

Infection. The prevention and control of 
infection have been major problems. How- 
ever, due to the many advances, i.e. improved 
closure of the bronchus, early expansion of 
the lung, maintenance of a clear tracheo- 
bronchial tree, and the use of chemotherapy 
(sulfonamides or penicillin), the incidence of 
serious infections has been greatly reduced. 
All patients now receive sulfa drugs or peni- 
cillin before and following operation. They 
have also been used in the pleural cavity. 
There is little doubt but that the use of 
these drugs is of definite value when combined 
with improved operative procedures. 

Due to the lack of an adequate supply of 
penicillin for civilian usage, this agent has 
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TABLE I.—TREATMENT AND RESULTS IN 36 PATIENTS WITH PRIMARY BRONCHIECTASIS 


IN WHOM 45 OPERATIONS WERE MAD 






















































































Operation Sex Path Complications Results | Deaths 
@ - Ls J 3 a 5 : 2 e Remarks 
a re No.| } 3 2ial ‘a a 
Classification No.| M| Fj} U/|B Sialeliélig r 5 3 3 
A. Dissection technique . 
I. Sulfonamides Bilateral case—died 1 year af- 
systemically 3 I 2 > I ° ° ° ° 3 . ter operation of pneumonia 
- — just before the planned sec- 
II. Sulfonamides ond stage 
systemically and 4 
locally 7 3 4 5 2 ° 2 ° ° 7 I I 
1. Pneumonia 3d day after 
operation A 
Bb. Tourniquet technique 2 Terminal pneumonia 3+ 
. No sulfonamides 16 5 | 11 5 |. 3) 12 8 3 8 5 I I I I 2 months 3 
3. Nephritis and pneumonia 
18 months after operation 
II. Sulfonamides | 1. Transverse myelitis, 6 weeks 
systemically 15 7 8 4) 11 °o]} 10 8 I 6 4 4 3 I I after operation 
—— -—-~—— -—— a) SS} |] — | — — |) ——] ——] ——] — 2. Died of metastasis to brain 
III. Sulfonamides system- 1% years following sur- 
ically and locally 4 2 2 4 ° ° ° ° 4 I gery 
Totals 45 | 18 | 27 | 16 | 29 3 | 24 | 16 4 | 28 9 5 I 6*| 2 4 

















Patients are classified according to the type of operation and use of chemotherapy. : : 
Path. U, unilateral; B, bilateral; Atel., atelectasis; Emp., empyema; Fist., fistula; Pneu., pneumonia; Ex., excellent; Inc., incomplete. 


*See discussion for explanation of incomplete treatment. 


been employed in only a few patients. Our 
experience, as well as that of others (14, 
19) suggests that penicillin may be of even 
more value than the sulfonamides in the pre- 
vention of complications. 

In order for the patient to have the best 
resistance against infection, a good general 
condition must be maintained. Repeated 
blood and urine examinations, plasma pro- 
tein determinations, and blood sulfonamide 
levels, are made to insure the best possible 
management. 


PRIMARY BRONCHIECTASIS 


The treatment of bronchiectasis remained 
a difficult problem for the surgeon until the 
past decade, but recent results indicate the 
marked progress which has been made. 

In 1923 Graham (8) reviewed the litera- 
ture and found that in 48 cases of lobectomy 
for bronchiectasis there had been an oper- 
ative mortality of 52 per cent. Because of 
the hazard of lobectomy he devised an 
operation which he termed “cautery pneu- 
monectomy’’ and in 1925 reported 20 cases 
with an operative mortality of 20 per cent 
(9). The modern operation of single stage 
lobectomy was first made by Brunn in 1929, 
who reported 6 operations with 4 cures, I 


unimproved, and 1 death. Shenstone and 
Janes, of Toronto, improved on the method 
of Brunn by use of the tourniquet. Since 
1929 almost incredible results have been 
obtained. Statistics from leading clinics in 
the United States and England reveal that 
the average mortality for lobectomy in 
bronchiectasis is now only about 5 per cent 
(2). As has been pointed out, there are a 
number of factors that have been responsible 
for the lowered mortality. 

Table I shows the treatment and results in 
36 patients with primary bronchiectasis on 
whom 45 operations were made. Of this group 
20 had bilateral involvement. The patients 
ranged in age from 9 to 53 years. The cases 
have been divided into two groups depend- 
ing on the type of resection employed, viz: 
(A) dissection technique or (B) tourniquet 
technique. Each group has been further 
subdivided into three parts: (1) patients in 
whom no sulfonamides were used; (2) pa- 
tients in whom sulfonamides were used 
systemically; and (3) patients in whom 
sulfonamides were used, both systemically 
and locally. 

A. Dissection technique. In this series of 
10 patients, all received sulfonamide therapy. 
Group I consisted of 3 patients, 2 females and 
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TABLE II.—RESULTS FOLLOWING LOBECTOMY OR PNEUMONECTOMY IN SEVEN PATIENTS 
WITH CHRONIC NONSPECIFIC PULMONARY SUPPURATION 

























































































: Operations Sulfonamide therapy Complications 
Case | Patient pm Results Remarks 
Dis. Tour. |Systemic Local Atel. Emp. Fist. | Pneum. 
I A. R. LL + + _ ° ° ° ° E 
2 E. S. RM + + — ° ° ° ° E 
3 H. Mc. LL + a as ° + ° ° E 
4 E. G. RL + + + ° ° ° ° E 
5 Wm. D. LL + + oa ° ° ° ° E Infection of chest wall 
wound 4 months after 
| | operation 
6 A. C. RU&M + + Penicillin ° ° ° o | E Pneumonectomy, right 
7 |G.H. | RL + : + ° ° ° o | E _| Penicillin (1.M.) 





Dis., dissection technique; Tour., tourniquet technique. 


Atel., atelectasis; Emp., empyema; Fist., fistula; Pneum., pneumonia. 


E., excellent. 


t male. Bilateral pathology was present in 
one of the patients. This group received 
sulfonamides systemically, and developed no 
postoperative complications following sur- 
gery: The results in this group of 3 patients 
were excellent. The second group consisted 
of 7 patients, 4 female and 3 male, with 
bilateral pathology in 2 cases. Of the 7 
patients, 2 developed an empyema following 
operation (no fistula) which healed following 
open drainage. The results were excellent in 
all 7 patients. In 1 of the bilateral cases only 
one side has been treated surgically. One 
patient died 1 year after operation of pneu- 
monia, just before a contemplated second 
operation for bronchiectasis of the opposite 
lung. 

B. Tourniquet technique. Group I. Sixteen 
operations were performed on 11 females and 
5 males, the tourniquet technique being 
used, but no sulfonamides. In this group 11 of 
the 16 patients had bilateral disease. The 
postoperative complications were more fre- 
quent in this group than in any of the other 
groups. Postoperative atelectasis occurred 
in 3 patients, an encapsulated empyema 
developed in 12, 8 of whom demonstrated a 
bronchial fistula, and 3 patients had pneu- 
monia. Of the group of 16 patients, 8 had 
excellent results, 5 good, 1 fair, 1 poor; and 
there was 1 death. A patient with bilateral 
involvement, died 3 days following operation of 
pneumonia (1941). There have been 2 late 
deaths due to the disease in this group. One 


was a patient with bilateral disease who died 
of pneumonia over 3 months after surgery. 
The other patient died of acute nephritis and 
pneumonia over 1 year after surgery. 

Group II. Fifteen operations were made on 
8 female and 7 male patients, the tourniquet 
technique being used, with sulfonamides 
administered systemically. Bilateral bron- 
chiectasis was present in 11 of the 15 pa- 
tients. Empyema as a complication was 
present in 10 patients, with 8 having an 
associated bronchial fistula. One patient 
developed pneumonia. The results were 
excellent in 6 patients, good in 4 and fair in 
4. There was 1 early death and 1 late death 
and more surgery is still contemplated in 3. 
The early death was in a patient with bi- 
lateral involvement who developed an empy- 
ema, bronchial fistula, and progressive in- 
fection of the chest wall which eventually led 
to a transverse myelitis 6 weeks following 
surgery. The late death was in a patient 
with bilateral involvement and was due to a 
complication of the disease, namely, metas- 
tasis to the brain 114 years after an operation 
on the more involved side. 

Group III. The third group consisted of 
4 bilateral cases, 2 males and 2 females. In 
these patients the tourniquet technique was 
used, and sulfonamides were given both lo- 
cally and systemically. There were no post- 
operative complications, and the results were 
excellent in all 4 patients. These operations 
were all made within the past 2 years. 
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TABLE III.—RESULTS FOLLOWING LUNG RESECTION IN 7 PATIENTS 
WITH CYSTIC DISEASE OF THE LUNG (INFECTED) 


Sulf. Therapy 




























































































Operation Complications 
Ie 
Case | Patient oe. memes 3 _ Results Remarks 
Dis. Tour. |Systemic Local Atel. Emp. Fist. Pneu. 
I z a LL a op + ° + ° ° E 
2 L. F. LL, LU + + o (| ° ° + | E 
3 | MF. RM + rs “a °° ° E ‘ 
¥ - P.& RM, RU oo a +* ° — + ° E | Penicillin in pleural cav- 
| ity 
5 |P.C. RM | + + ° ° ° ° E | 
6 D.O LI | + +* + ° ° ° ° E Penicillin intramuscu- 
larly 
7 L. V. RI +- +* + ° ° ° ° E Penicillin intramuscu- 
larly 
































1 | EH. | RM & RL | + | | 
| | } | 
| M.S. RI | + | + 
| 
ee Se a ee 
5 | S.B. LI | + | ra 
» | AM. LI i. | | 
— —EEE SSS a a = | 
s | MB. LI + | + | 
6 | LE. RL + 4 




















o | + + | o | U Persistent tuberculosis 
} of right upper lobe 

ao | ° ° ° U Continued tuberculosis 
| of RM and RU lobes 

°o (| + ° ° E | 

° ° oo | ° | E 

° ° o | ° E | 

° ° ° E 











TABLE V.—RESULTS FOLLOWING LUNG RESECTION FOR BRONCHIECTASIS 
SECONDARY TO BRONCHIAL TUMOR (3) 

















| RL | + + | ° + | o + | Died | Retrograde thrombosis 
| | | and infarction; pneu- 
} | monia 
2 W. W. RL + ° ° ° ° E 
3 R. T RM & RL a a ° ° ° ° E 









































Dis., dissection; Tour., tourniquet. — 
*Received penicillin following operation. 


CHRONIC DIFFUSE PNEUMONITIS 

Table II shows the treatment and results 
obtained in 7 patients with chronic non- 
specific pulmonary suppuration. In the 7 
patients the pathology was located in a lower 
lobe in 5 instances. In all these patients the 
pathological picture was that of a diffuse 
pneumonitis without cavity formation. In 
6 of the 7 patients sulfonamides were ad- 
ministered systematically and in 4 of the 7 the 
operation was performed by the dissection 
technique. The patient receiving no chemo- 
therapy developed the only complication in 
the entire group, it being an empyema 
(without a bronchial fistula) that healed 


Atel., atelectasis; Emp., empyema; Fist., fistula; Pneu., pneumonia. 
Results: U, unimproved; E, excellent. 


readily after open drainage. In the only 
pneumonectomy in this series, penicillin was 
placed in the pleural cavity. Complete re- 
lief of symptoms was obtained in all patients. 
INFECTED LUNG CYSTS 

Table III shows the treatment and results 
obtained in 7 patients with infected cysts of 
the lung. In 5 of the patients the dissection 
technique was used, and no postoperative 
complications developed. The results were 
excellent. In the 2 patients in whom the 
tourniquet technique was used both patients 
had postoperative empyemas and one had a 
bronchial fistula. The end-results, however, 





al 


al 


i, i 7 


ee ee ae Le Se ee ll a 





CARLTON, ADAMS: LUNG RESECTION PULMONARY SUPPURATIVE DISEASE 629 


were satisfactory in both patients. Sulfon- 
amides were administered systemically to 
all of these individuals. Two also received 
penicillin systemically and one locally. 


BRONCHIECTASIS SECONDARY TO 
TUBERCULOSIS 


Table IV illustrates the treatment and end- 
results in 6 patients with bronchiectasis 
secondary to pulmonary tuberculosis. The 
pathological lesion was in the left lower lobe 
in 3, the right lower lobe in 3, and in 1 of the 
latter also in the right middle lobe. In 5 of 
the 6 patients, the tourniquet technique was 
employed and 4 patients received sulfona- 
mides systemically. Patient E. H. had an 
empyema with fistula following surgery. 
Her condition was unimproved due to the 
persistent tuberculosis in the right upper 
lobe. Patient M.S. developed atelectasis in a 
tuberculous right upper lobe following sur- 
gery. She continued to have tuberculosis of 
the right middle and right upper lobes, but 
at present her condition is improved. Pa- 
tient S.B. developed an empyema but the 
final results were satisfactory. Patient A.M. 
developed a fistula following surgery which 
healed several months later. She has been 
asymptomatic for 5 years. The remaining 2 
patients had no complications following 
surgery and were relieved of their symptoms. 


BRONCHIECTASIS SECONDARY TO TUMOR 


Table V. presents the treatment and end- 
results in 3 patients with bronchiectasis 
secondary to bronchial tumor. In patient 
G.M. the right lower lobe was involved. This 
was removed by the dissection technique and 
she received sulfonamides systemically. She 
developed an infarct and an empyema, and 
died 12 days following operation due to 
retrograde thrombosis and pneumonia. Pa- 
tient W.W. had the right lower lobe removed 
by the tourniquet technique. No sulfona- 
mides were given, there were no complica- 
tions, and the patient has been completely 
relieved of symptoms. Patient R.T. had the 
right middle and right lower lobes removed by 
the dissection technique. Sulfonamides were 
given systemically. There were no compli- 
cations and the final result was excellent. 


DISCUSSION 

The morbidity and mortality associated 
with the surgical treatment of bronchiectasis 
may be influenced by a number of factors 
(3, 12). In addition to those already dis- 
cussed, the age of the patient, duration, 
distribution and severity of the disease 
markedly influence the course and results of 
surgical treatment. In the series of 36 
patients studied (45 operations) 20 had bi- 
lateral involvement and as pointed out by 
Blades and others the surgical risk is con- 
siderably greater than when the lesion is 
limited to one side. There were two operative 
deaths and both followed the first operation 
for bilateral involvement. Eight of the 20 
bilateral group have had both operations 
completed, the course following the second 
operation being less difficult than after the 
first. This is partly due to the marked 
improvement that usually follows the first 
operation, thus making them better surgical 
risks, and also because little or no diseased 
lung remains after the second operation. 

The total amount of lung tissue that may 
be safely removed has been investigated by 
Heuer and Andrus (11) and others as well as 
by ourselves (15). Dogs have been observed 
for several years following the reduction of 
lung function to a single upper lobe (15 per 
cent) and when at rest appear entirely normal. 
When placed in a pressure chamber under re- 
duced atmospheric pressure the respiratory 
reserve compares surprisingly well with that 
of normal animals. 

Clinical experience shows that human 
beings may also tolerate the removal of a 
large percentage of the total lung capacity. 
Graham (10) in 1940 reported the successful 
removal of both lower lobes, the right middle 
lobe and the lingula of the left upper lobe 
without the production of dyspnea or other 
physical handicap. In 2 of our 8 completed 
bilateral operations, the same amount of 
lung resection was made. Both patients re- 
turned to full time work following surgery. 

When bilateral operations are contemplated 
sufficient time following the first operation 
for complete recovery and obtaining its 
beneficial effects should be allowed. This 
interval between operations may vary from 
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6 to 12 months or more depending on the 
occurrence of complications and the severity 
of the case. In one of our 8 cases the second 
operation was attempted 3 months following 
the first, and because of the slow return of 
diaphragmatic function following the first 
stage, had to be abandoned. It was per- 
formed 3 months later without difficulty. In 
2 other cases death occurred (pneumonia, 
meningitis) just before the second operation 
had been planned. This had been 1 year and 
1% years, respectively, following the first 
operation. 

In evaluating various factors contributing 
to the progress of surgical therapy, care must 
be exercised in order not to form erroneous 
conclusions. Statistics are often misleading 
even to those who are most acquainted with 
the facts. 

In Table I Groups B-I and II, the 21 
operations were on poor risk patients made 
3 to 5 years ago when the operative tech- 
nique, in addition to mattress sutures, en- 
tailed the use of a ligature placed about the 
hilum of the lung as the tourniquet was 
being removed. This may partly explain the 
high incidence of empyema and _ bronchial 
fistula in both groups, in spite of the fact that 
sulfonamides were used in Group B-II. In 
Group B-ITI this ligature was not used and no 
complications resulted. 

Groups A-I and II are too small for com- 
parison; however, when the patients pre- 
sented in Tables IT, III, IV, and Vare included 
the results are quite convincing, namely, 
that the local and systemic use of sulfona- 
mides in combination with the dissection 
technique is the procedure of choice in 
lobectomy for pulmonary suppuration. In 
22 patients treated in this manner there 
were no bronchial fistulas and only 3 empy- 
emas. As stated earlier penicillin may re- 
place the sulfa drugs as the chemotherapeutic 
agent of choice. 

In pneumonectomy the pleural cavity is 
not drained following operation. Thus local 
sulfonamide therapy is less desirable because 
of the ill effects of rapid accumulation of 
fluid in the pleural cavity and collapse of the 
remaining lung. Penicillin, however, if de- 
posited in the pleural cavity, may remain in 





effective concentration for 12 to 24 hours and 
without the production of an undue amount 
of pleural fluid. 


SUMMARY AND CONCLUSIONS 


The results of lung resection in 59 cases of 
pulmonary suppurative diseases are pre- 
sented, and the various factors contributing 
to its progress are discussed. Chief among 
these were rapid complete expansion of the 
remaining lung, replacement of blood loss, 
avoidance of anoxia and prevention of 
serious infection following operation. The 
dissection technique of resection is the pro- 
cedure of choice in most cases. Chemotherapy 
has been a major factor in the prevention of 
serious postoperative infection. There were 
2 deaths in 45 operations made on 36 pa- 
tients with bronchiectasis, 20 of which were 
bilateral. 


Nore. Since the manuscript was submitted for publi- 
cation, 14 additional lung resections for pulmonary suppur- 
ative conditions have been made using a single row of in- 
terrupted sutures for closing the bronchial stump. In 6 of 
these intramuscular penicillin alone was used, in g sulfa- 
diazine alone was employed, and in 5 both sulfadiazine 
and penicillin were administered. There were no post- 
operative empyemas or bronchial fistulas. 
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GRANULOSA CELL TUMOR OF THE OVARY 





A Clinical and Pathologic Review of Sixty-Two Cases 


JANE E. HODGSON, M.D., MALCOLM B. DOCKERTY, M.D., and 
ROBERT D. MUSSEY, M.D., Rochester, Minnesota 


IVE recent developments may be 

listed as representing advances in our 

general knowledge of the origin, life 

cycle, and physiologic side effects of 
granulosa cell tumor of the ovary: 

1. The experimental production in mice of 
the neoplasm by means of roentgen rays 
(11, 12, 15, 38) has resulted in histogenetic 
studies tending to support the thesis of 
Fischel; namely, that granulosa cell tumor and 
theca cell tumor are derivatives of the ovarian 
mesenchyma. Corroborative evidence is af- 
forded by human material in which a mixture 
of granulosa cell and theca cell elements take 
place within the same neoplasm (4, 18, 28, 
39). 

2. Granulosa cell tumors, however one may 
be inclined to regard them histologically, at 
times have proved to be clinically malignant, 
to recur, and also to metastasize (6, 14, 24, 
29, 30). Moreover, the tumors that had 
metastasized had histologic pictures identical 
with those of so called benign tumors. Be- 
cause of this observation, a radical operative 
procedure usually is performed especially 
when the case is that of a woman past middle 
life. 

3. Direct proof of the so called functioning 
capacity of granulosa cell tumor has accumu- 
lated with additional reports dealing with 
bioassays of tumor tissue for estrogenic 
hormone (13, 31). This hormone frequently 
has been found to be present in excessive 
amounts. Moreover, similar methods using 
blood and urine as the material for exami- 
nation have demonstrated measurable quan- 
tities of circulating hormone, the level of 
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which drops precipitously within 48 hours of 
the time the tumor is removed. Quanti- 
tative chemical analysis for lipoid content of 
tumor tissue has demonstrated high values 
for cholesterol and cholesterol esters, the 
building stones of the estrogen molecule. 
The postmenopausal bleeding so commonly 
noted as a symptom of granulosa cell tumor 
and the occurrence of amenorrhea in young 
women are clinical evidence for a condition 
of hyperestrinism. 

4. The luteinization of granulosa cell tumor, 
first described by Lecéne in 1910 and noted by 
several other clinical investigators (2, 6, 
17, 37), also has been observed in the tumors 
produced experimentally in animals. Wheth- 
er the hormone, progesterone, also .is 
secreted during what might be termed the 
ripening phase of granulosa cell tumor is a 
matter for future study. The simultaneous 
finding in a patient of a progestational endo- 
metrial picture and luteinized granulosa cell 
tumor would lend positive support to the 
progesterone thesis. Several of our cases 
presented this interesting combination of 
conditions. 

5. The coexistence of granulosa cell tumor 
and endometrial adenocarcinoma has been 
noted by several investigators (6, 35). Simi- 
larly, mammary carcinoma has been ob- 
served to develop before or after the removal 
of a granulosa cell type of ovarian tumor (9). 
The association of these two lesions, to say 
nothing of the concomitant incidence of 
uterine leiomyoma in more than 50 per cent 
of cases, has led many physicians to the belief 
that prolonged hormonal stimulation of the 
breast and uterus has in fact been responsible 
for neoplasia in these organs. The admin- 
istration of estrogenic substance to certain of 
the lower animals has this result (19, 22, 23, 


24). 
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PURPOSE OF STUDY, MATERIAL, AND METHOD 


Purpose. In 1939, one of us (Dockerty, 6) 
collaborated in reviewing the pertinent clini- 
cal and pathologic data in the records of 33 
cases of granulosa cell tumor from the files of 
the Mayo Clinic. Since a further study of 
approximately 3,800 miscellaneous ovarian 
tumors revealed some cases that had been 
overlooked in preparing the 1939 report, as 
well as some subsequent cases, re-examination 
of this subject seemed to be worth while, 
especially in view of what we have learned in 
the last half decade concerning this type of 
ovarian tumor. 

Material. The material which forms the 
basis for this report consists of 62 cases of 
granulosa cell tumor encountered at the Mayo 
Clinic between 1910 and 1944. As previously 
mentioned, 33 of these cases were reported in 
1939. The tumors had been removed surgi- 
cally or had been encountered at necropsy. 
In 44 cases the uterus with its endometrium 
was available for study and in one additional 
case simple curettement provided material 
for a study of the endometrium. All the 
specimens had been preserved in formalde- 
hyde. 

Method. Gross pathologic studies of the 
tumors first were carried out, with particular 
attention to location, size, color, consis- 
tency, degree of encapsulation, and so forth. 
The contralateral ovary was studied for the 
presence of mature or developing follicles and 
corpus luteum. The uteri were inspected for 
enlargement and fibromyomas. The thick- 
ness and character of the endometrium were 
noted. A careful search was made for polyps 
and small carcinomatous regions which pre- 
viously might have escaped detection. 

Multiple blocks of tissue then were cut 
from the tumor, the contralateral ovary, the 
uterus, and the endometrium, and these were 
placed in a fresh to per cent solution of 
formalin (3.7 per cent formaldehyde). Nu- 
merous scouting sections next were cut on a 
freezing microtome and stained with poly- 
chrome methylene blue in an effort to decide 
which blocks were to be treated by special 
methods. The blocks subsequently were 


stained routinely with hematoxylin and eosin, 
Gémiri’s stain for reticulum, and sudan III 
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stain for lipoid. Sections stained with hema- 
toxylin and eosin were considered satis- 
factory for a study of the uninvolved ovary 
and the blocks of myometrium and endo- 
metrium. Both the freezing and the paraffin 
methods were employed in all instances. 
Larger blocks of tissue were removed from 
four tumors for determination of lipoid. 
These blocks were taken from one luteinized 
and three nonluteinized tumors for purposes 
of comparison. 

By way of further comparison, portions of 
seven normal ovaries were analyzed in a 
similar manner after care had been taken to 
avoid including such structures as developing 
or mature corpus luteum whose high content 
of lipoid might nullify comparative results. 
The lipoid content was determined from an 
alcohol-ether extract. For the estimation of 
cholesterol and cholesterol esters the method 
of Bloor and Knudson was employed. The 
determinations of phospholipid were made 
according to the method of Youngburg and 
Youngburg. 


CLINICAL DATA 


Incidence. Sixty-two (1.63 per cent) of the 
3,800 ovarian tumors encountered at the 
Mayo Clinic between 1910 and 1944 were of 
the granulosa cell type. Szathmary found an 
incidence of o.9 per cent in a similar large 
series. Schroeder believed 3 per cent of 
solid ovarian neoplasms were of the granulosa 
cell type. 

Age. The ages of patients in the 62 cases 
ranged from 17 months to 72 years, the 
average age being 52 years. The first, 
second, and third decades each accounted for 
1 case. The fourth decade accounted for 6. 
In the 5th, 6th, and 7th decades were listed 
15, 21, and 13 patients, respectively. Four 
patients were more than 70 years of age. 
One tumor (1.6 per cent) occurred during the 
prepuberal years, 23 (37.1 per cent) during 
the reproductive period, and 38 (61.3 per 
cent) could be classified as occurring in the 
postmenopausal period. 

Marriage and pregnancy. Fifty-four of the 
62 patients were married and 8 were single. 
Of the married patients, 12 (22 per cent) 
were nulliparous. This incidence of infer- 
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Fig. 1. Patient, aged 55 years. Granulosa cell tumor of the left ovary. Arrow points 
to yellowish orange region of gross luteinization. Note hypertrophy of uterus and 


polypoid endometrium. 


tility is somewhat higher than in an average 
group of married women. After surgical 
removal of the granulosa cell tumor, 3 of the 
12 patients became pregnant. Of the 42 
women who had had children, 15 were multi- 
paras and 27 were primiparas; the total 
number of children was 108. Thus it would 
seem that parity of the women might have 
been influenced. Conversely, however, it 
appears that parity has no influence on the 
development of a granulosa cell tumor. 
Previous operative procedures. Operations 
had been carried out elsewhere in 18 cases. 
In 7 cases unilateral oophorectomy had been 
performed for some type of ovarian neo- 
plasm, the exact nature of which could not be 
determined from the records, and the diag- 
nosis of recurrent granulosa cell tumor was 
not considered until the ultimate outcome 
indicated such a likelihood. In 8 cases uterine 
curettement had been performed at inter- 
vals ranging from 2 months to 7 years pre- 
viously. Two patients had undergone hys- 
terectomy, one for uterine fibromyomas and 
the other for menorrhagia. The eighteenth 





patient had had bilateral radical mastectomy 
for carcinoma, carried out 6 years and 13 
weeks, respectively, prior to registration. 


SYMPTOMS 


Uterine bleeding. This symptom was pres- 
ent in 46 of the 62 cases (74 per cent) and 
represented the most common complaint. 

In the one case in which the patient was of 
prepuberal age, periodic vaginal bleeding had 
occurred at the age of 17 months. 

Of the 23 patients who were considered to 
be in the reproductive period, 13 suffered 
from menometrorrhagia of varying duration. 
Perhaps of more interest was the fact that in 
10 of these 13 cases, the bleeding had been 
preceded by episodes of amenorrhea lasting 
from 1 to 7 years. Szathmary, too, noted 
that in 45 per cent of sexually mature pa- 
tients, the granulosa cell tumor apparently 
had caused an initial period of amenorrhea. 
One patient of menstrual age complained 
only of slight menorrhagia. 

In the group of 38 patients who had passed 
the menopause, bleeding was present in all 
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Fig. 2. a, left, Edge of luteinized region shown grossly in Figure 1. Note marked 
increase in lipoid deposits as evidenced by dark portions (sudan III X 57); b, late diff- 
erentiative (secretory) phase of the menstrual cycle in presence of a luteinized granu- 
losa cell tumor (hematoxylin and eosin X60). 


cases. The bleeding occasionally tended to 
simulate menstruation, occurring at fairly 
regular intervals ranging from 2 to 8 weeks. 
The discharge often was described: by pa- 
tients as resembling menstrual flow; it was 
seldom profuse or of long duration. Three of 
the 38 patients gave histories of premature 
menopause; these may represent examples of 
an initialamenorrhea resulting from the tumor. 

One 70 year old patient had had her last 
menstrual period at the age of 35 years. 
More or less regular vaginal bleeding re- 
curred when she was 66. A 61 year old 
patient who had had irregular vaginal bleed- 
ing for 21 years described a period of amenor- 
rhea between the ages of 35 and 4o. A 52 
year old patient who had had vaginal bleed- 
ing for 2 months had had amenorrhea between 
the ages of 31 and 38. A period of irregular 
bleeding had ensued but had ceased after 
administration of a menopausal dose of 
roentgen therapy at the age of 46. The 
possible duration of the granulosa cell tumors 
in these 3 cases; namely 35, 26, and 21 years, 
is not inconsistent with the nature of these 
lesions. In the 1939 report from the clinic a 
case was cited in which the known duration 


was I2 years. 





Amenorrhea. Of the 23 patients of men- 
strual age, 5 (22 per cent) complained of 
amenorrhea lasting from 1 to 7 years; the 
amenorrhea was not followed by bleeding as 
described in the foregoing paragraph. Five 
of the 23 had normal menstrual histories. 
A count of all patients who had complained 
of amenorrhea at some time, excluding those 
whose granulosa cell tumor undoubtedly de- 
veloped late in life, showed that amenorrhea 
occurred in 18 of 26 patients. 

Abdominal enlargement. Eighteen of the 
62 patients (29 per cent) complained chiefly 
of abdominal enlargement or tumor.. Two 
additional patients regarded this symptom as 
of secondary importance. The duration of 
the abdominal enlargement ranged from 11 
days to 15 years and in the majority of 
instances its growth was described as slow. 

Pain. Although pain was a symptom in 
25 cases it was the major complaint of only 5 
patients. Rarely severe, it was most fre- 
quently described as a bearing down or 
tight feeling on the side of ovarian involve- 
ment. 

Miscellaneous. Complaints such as urinary 
incontinence and dribbling, “falling of the 
womb,’’ and so forth occasionally were 
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Fig. 3. a, left, Cylindroid and follicular type of granulosa cell tumor coexistent 
with the adenoacanthoma shown in Figure 3, b. Note large follicles in lower left and 
right portion (hematoxylin and eosin, X27); b, adenoacanthoma, grade 1, of uterus 
(hematoxylin and eosin, X 110). 


noted. Two patients complained of tender- 
ness in the breasts. 


PHYSICAL AND LABORATORY EXAMINATIONS 


Physical findings. In 43 of the 62 cases 
(69 per cent) an adnexal tumor, presumably 
ovarian, was present. In 14 cases the pres- 
ence ofj a large uterus, with or without 
fibromyomas, was suspected. In_ several 
cases large fibromyomas made accurate pal- 
pation of the adnexal regions impossible. 
In 3 cases no pathologic lesion of the pelvis 
was palpated, operation being undertaken 
mainly because of postmenopausal bleeding. 
Mammary hypertrophy had not been noted 
but in one case bilateral radical mastectomy 
had been performed because of carcinoma. 

Laboratory findings. No preoperative endo- 
crine studies were performed. In the case of 
a 57 year old woman who had a granulosa 
cell tumor, determinations of urinary est- 
rogen were made during the first 48 hours 
postoperatively. During the first 24 hours 8 
rat units of estrogen were excreted in each 
liter of urine. None was found during the 
second determination. This drop in the 
level of urinary estrogen corresponds with 
the findings of other investigators. 


One fairly consistent laboratory finding 
was a low value for hemoglobin, the average 
value being 11.2 grams per 100 cubic centi- 
meters of blood. Readings as low as 5 grams 
were obtained in several cases. This obser- 
vation was consistent with the clinical symp- 
tom of uterine bleeding but was not actually 
specific as an aid in differential diagnosis. 

The results of lipoid analysis of tumor 
tissue are recorded in a subsequent para- 
graph. 


PATHOLOGIC DATA 


Macroscopic findings. Location: All 62 tu- 
mors were unilateral, with the right and left 
ovaries sharing an approximately equal in- 
cidence of involvement. None was of extra- 
ovarian origin (32, 33, 41). 

Size: The largest tumor weighed 34 pounds 
(15.4 kgm.) and measured 4o centimeters in 
its greatest diameter; the smallest measured 
4 millimeters in diameter. No apparent 
correlation existed between the age of the 
patient, the size of the tumor, or the duration 
of symptoms. 

Color and consistency: The color of the 
tumors ranged from a light cream color to a 
brownish black, the most common color 
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Fig. 4. a, Adenocarcinoma, grade 3, of the right{breast without axillary nodal in- p 
volvement, removed July 30, 1937, when patient was 46 years of age (hematoxylin and uU 
eosin, X57); b, adenocarcinoma, grade 4, of the left breast with involvement of one 
axillary node (hematoxylin and eosin, X57), removed April 2, 1943, when patient was 
53 years of age; c, follicular and cylindroid pattern of a granulosa cell tumor (hema- 0 
toxylin and eosin, X35), removed on April 20, 1943; d, adenocarcinoma, grade 1, of c 
uterine fundus (hematoxylin and eosin, X57), coexistent with granulosa cell tumor 
and tumor of breast. 


being a brownish gray. The characteristic central regions of softening, and 9 (14 per r 
color and consistency of liver sausage often cent) were definitely cystic. Lobulation was t 
was noted on the cut surface. Twenty-six a fairly constant feature. In the large tumors, n 
tumors (42 per cent) were solid throughout, necrosis and hemorrhage often had occurred 
27 (44 per cent) were semisolid but with and produced black friable zones of variable 
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size. Twenty-five per cent of the tumors 
were grossly edematous. Yellowish orange 
regions suggestive of luteinization were pres- 
ent in about 25 per cent of the tumors 
(Fig. 1). 

’ Encapsulation: Although adhesions were 
present in 13 cases (21 per cent) and often 
were associated with twisting of the pedicle, 
all tumors except 3 were fairly well encap- 
sulated. One of these tumors had extended 
into the fallopian tube on the same side, an- 
other had extended into the terminal portion 
of the ileum, and the third had infiltrated 
the broad ligament. Clinical malignancy 
was correlated with lack of encapsulation. 

Ascites: In 6 cases moderate to large 
amounts of free fluid were present in the 
peritoneal cavity. In one of these cases 
fluid also was present in the chest (Meigs’ 
syndrome, caused by granulosa cell tumor 
rather than ovarian fibroma). Ascites was 
not found in association with small tumors, 
and it was our feeling that, as with fibromas 
(8), the presence of free peritoneal fluid was 
related to obstructed circulation (edema) 
within the tumor or its pedicle. 

Associated pathologic lesions: Of the many 
pathologic lesions associated with granulosa 
cell tumor, the high incidence of uterine 
fibromyoma and of uterine hypertrophy 
(subinvolution) is noteworthy (Table I). 
This observation also has been made by 
other investigators. The presence of fibro- 
myomas and hypertrophy together with the 
occurrence or reactivation in one case of ex- 
tensive endometriosis with a large tarry 
cyst in the normal ovary may be viewed as an 
interesting manifestation of hyperestrinism. 
The simultaneous occurrence in 8 cases (13 
per cent) of associated adenocarcinoma of the 
uterine fundus is, indeed, surprising and 
cannot be explained adequately on the basis 
of chance. There were 3 cases of mammary 
carcinoma. 

Microscopic findings. Inasmuchas the micro- 
scopic appearance of granulosa cell tumor 
repeatedly has been described in the litera- 
ture, no attempt at detailed repetition is 
necessary. Follicular, cylindroid, diffuse and 
pseudoadenomatous cell patterns were all 
represented in our series. The follicular 
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TABLE 1I.—PATHOLOGIC LESIONS ASSOCIATED 
WITH GRANULOSA CELL TUMOR IN 62 CASES 


Pathologic condition Casest Percentage 
Uterine fibromyoma............. 32 51.6 
Uterine myohypertrophy (subin- 

_. . 2a atee aria 3 
pS ean eee 
Pelvic endometriosis............. 
Carcinoma of uterine fundus... ... 
re 
rer eee 
Endometrial polyp............... 
Teratoma (containing thyroid tis- 

sue) of opposite ovary (27)...... 
Dermoid of opposite ovary....... 
Fibroma of opposite ovary........ 
Cystadenoma of opposite ovary. . . 
Parovarian cyst of opposite ovary. 
Bilateral parovarian cysts........ 
Mammary carcinoma*........... 


59.6 


9.6 
12.9 
37-0 
6 
2 


N 
SHO CHUN 


Z. 
az. 


WOH ee He 
Se | 
a 


*Bilateral in one instance. 
tMultiple lesions were present in some cases. 


patterns predominated in 15 tumors (24 per 
cent), the cylindroid with all its variations 
in 30 tumors (49 per cent), and the sarcoma- 
toid in 17 tumors (27 per cent). The sarcoma- 
toid group, which included the 3 cases in 
which clinical malignancy was evident, ap- 
peared to be the most active type from the 
standpoint of cellular division (mitosis). 
The pseudoadenomatous arrangement of cells 
was found in scattered regions that were pre- 
dominantly cylindroid; in no instance was it 
the only pattern observed. Luteinization of 
varying degree was evident on gross and 
microscopic examination in about 25 per 
cent of tumors. The cells in these regions had 
lost their basophilic staining and had become 
loaded with lipoid substance which stained 
intensely with sudan III (Fig. 2a). This 
luteinization appeared to be reflected in the 
endometrium in 3 cases in which changes of a 
secretory nature were present (Fig. 2b). 
This is perhaps indirect evidence that the 
luteinized granulosa cell tumor produces pro- 
gesterone in addition to estrogen, but actual 
biologic proof of this phenomenon is still 
lacking. 

Using Broders’ method of grading, the 
tumor was graded 1 in 45 cases (73 per cent) 
and 2 in 17 cases (27 per cent). Four of the 
5 so called recurrences were of a higher grade 
of malignancy than was the original lesion. 

Twelve (19 per cent) of the tumors pre- 
sented microscopic features of combined 
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TABLE II.—LIPOID ANALYSIS OF GRANULOSA TABLE III.—LIPOID ANALYSIS: COMPARATIVE 

























































































CELL TUMORS AND NORMAL OVARIES STUDIES 
Chole o- rg Fatty Total Investigators | Materialexamined | Cholesterol* | Phospholipids* 
sterol esters* | lipids* acids* | lipoids* Greenblatt, Incretory tumors 0.34 to 1.27 0.31 to 1.88 
apace = = Greenhil} and me 
Granulosa cel] tumors Brown Nonincretory | 
I 0.87 °.4!1 0.57 1.55 2.42 tumors 0.02 to 0.29 | 0.08 to 0.27 
2 | 0.35 | 0.55 1.19 1.17 1.52 Mayo Clinic Granulosa cell 
_ ——— — tumors 0.35 to 1.40 0.57 to 1.76 
3 0.51 | 0.20 1.76 1.12 1.63 ~ 
——$$———_}——— Normal! ovaries 0.18 to 0.36 | 2.12 to 4.56 
3 a * th A Rte Di. °- 9 Soe *Grams per cent of wet weight 
Lut einiaed portion of 4 
(Fig 1) 1.40 °.55 1.18 2.83 4.23 * 
= eet seaeem Ghemmant ‘San of the menstrual cycle. Cysts were en- 
ormal ovaries | . . 
I 0.23 | trace | 3.91 | 038 | 0.6: countered almost routinely, at times pre- 
o.18 trace 2.12 1.00 1.18 senting an atypical ‘* Swiss-cheese’’ appear- 
; : "0.24 | trace | 3.10 | 1.14— | 138 ance. As previously mentioned, 3 cases 
; 0.04 | trace i 3-00 | s-09 | 8-0 showed secretory changes. In 4 cases in 
0.34 | trace | «86 | 1.79 | 23 which the ovarian tumors were small the 
= Peg roe ee Se EP endometrium was of the atrophic variety. 
—_ [= = + ——-——— Although it is well recognized that the endo- 
7 0.3 trace 4.50 1.7¢ 2.13 . . . 
a ARE CN yr ; metrium does not undergo atrophy immedi- 
*Grams per cent of wet weight. “are 
ately after clinical onset of the menopause, 
theca cell and granulosa cell elements. The the high incidence of truly hyperplastic 


identity of these theca cells was established 
through the use of Géméri’s stain for reti- 
culum. Traut and associates (40) and Hen- 
derson observed that granulosa cells were 
reticulum free whereas theca cells formed this 
substance. Our findings, therefore, tended to 
support the thesis of Greenhill and Green- 
blatt (18); namely, that theca-granulosa-cell 
tumors do occur. However, since the ma- 
jority of the tumors failed to demonstrate 
thecal elements, we were not convinced that 
the two neoplasms should be merged into a 
common group called “feminizing mesen- 
chymomas,’’ as suggested by Novak (28). 

Microscopic studies on the contralateral 
ovary consistently demonstrated absence of 
mature or developing corpus luteum. In 
several cases, independent tumors and other 
incidental lesions were encountered (Table I). 

Endometrial studies consisted of careful 
examination of the endometrium in 45 cases. 
In each case multiple scouting sections were 
cut from numerous regions and then were 
stained by the rapid polychrome method. 
Blocks of tissue showing interesting features 
were further studied in fixed sections stained 
with hematoxylin and eosin. In 30 (67 per 
cent) of the 45 cases the endometrium was 
thickened and in the late proliferative phase 


endometrium after the age of 50 favors 
estrogenic stimulation from the ovarian tumor 
as the causative factor. 

Carcinoma of the endometrium was found 
in 8 cases in which the women had passed 
the menopause. Five of these lesions were 
adenocarcinoma, grade 1, and 1 was adeno- 
acanthoma, grade 1 (Fig. 3). In the remain- 
ing 2 cases the lesions were adenocarcinomas 
of grade 2 malignancy. Although none of 
these uterine lesions actually metastasized, 
their microscopic appearance and gross in- 
filtrative tendencies left no doubt as to their 
malignant nature. 

In addition to endometrial carcinoma, 
adenocarcinoma of the breast, which was bi- 
lateral in one instance (Fig. 4) developed in 
3 of the 8 cases. Two of the 3 patients had 
axillary nodal metastasis. In view of recent 
experimental evidence for the carcinogenic 
action of estrogen on mammary tissue, it 
does not seem absurd to indict the granulosa 
cell tumors in our 3 cases with this association 
of lesions. Moreover, 2 of the mammary 


'The authors have studied an example of theca cell tumor associated 
with a metastasizin; _ carcinoma of the uterus. 

*Furth and F (r2), using coeatotion, produced granulosa cell tu- 
mors in mice; mammary carcinoma developed in 28.6 per cent of these 
animals. The incidence of eaneney coven, was only 2.7 per cent in 
a control group of mice; (io oe en similarly irradiated without the 
cell tumor. 





of gr 





de 








u- 


in 
he 








HODGSON et at.: GRANULOSA CELL TUMOR OF OVARY 630 


TABLE IV.—FOLLOW-UP STUDY OF I7 CASES 
IN WHICH GRANULOSA CELL TUMOR WAS 
TREATED BY CONSERVATIVE OPERATION 
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carcinomas arose after castration for granu- 
losa cell tumor. In spite of the incidence in 
this series, the rarity of mammary carcinoma 
after ordinary castration has been well rec- 
ognized for years. 


LIPOID STUDIES 


Inasmuch as the estrogenic hormone is 
closely related chemically to cholesterol, it 
has been felt that the biologic activity of 
granulosa cell tumor might be correlated with 
the content of cholesterol and phospholipid. 
Four of our tumors that showed follicular and 
cylindroid patterns were selected for chemical 
analysis for these substances. One of these 
tumors contained a nodule of luteinized 
tissue which was dissected away and ana- 
lyzed to determine the effect of luteinization 
upon lipoid levels. By way of comparison, 
similar chemical studies were conducted on a 
series of 7 apparently normal ovaries which 
had been removed during the course of 
operation for fibroids (Table II). Table III 
compares our results with similar studies 
carried out by Greenblatt, Greenhill and 
Brown (17). 

From these tables it would appear that the 
content of cholesterol per gram of tissue is 


TABLE V.—FOLLOW-UP STUDY OF 62 CASES OF 
GRANULOSA CELL TUMOR, WITH COMPARISON 
OF RESULTS AFTER RADICAL AND CONSER- 
VATIVE OPERATION 
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high whereas the content of phospholipid, 
similarly assayed, is low, as compared with 
corresponding values for normal ovarian 
tissue and for nonincretory tumors of the 
ovary. Luteinization in a granulosa cell tumor 
markedly increases the concentration of both 
of these substances. On the other hand, 
values obtained did not correlate closely with 
the level of hormone as measured, on the one 
hand, by the clinical symptoms and, on the 
other, by histologic changes in the endo- 
metrium. Moreover, comparison of our 
chemical values with those obtained by one of 
our colleagues (Banner) in a study of theca 
cell tumor of the ovary made it doubtful 
whether these two types of incretory tumor 
easily can be differentiated by this method 
alone. Melnick and Kanter, in 1934, sug- 
gested such a possibility. We believe that 
with improved methods of determination of 
hormone, lipoid determinations of ovarian 
tumors will lose much of their present im- 
portance from a practical standpoint. 


TREATMENT AND RESULTS 


Operation. Most authors advocate con- 
servative surgical procedures for young women 
and radical measures for old women who 
suffer from the effects of granulosa cell tumor. 
The type of surgical procedure and the out- 
come in the 62 cases are shown in Tables IV 
and V. 

All recurrences occurred in the postmeno- 
pausal group of patients who had undergone 
conservative operative measures. Of these 
5 patients, 3 died 314, 6, and 9 years, re- 
spectively, after their first operation for 
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granulosa cell tumor. The fourth patient is 
alive 7 years after operation for a so called 
recurrence in the contralateral ovary. The 
fifth patient died 19 years after operation. 
Although we have no actual proof of re- 
currence, her case was so listed because of a 
history, given by her family, of recurrent 
vaginal bleeding prior to death. 

From the relatively high incidence of 
clinical malignancy, as evidenced by re- 
currence of the neoplasm in postmenopausal 
patients, it would seem logical to advise 
total hysterectomy with bilateral salpingo- 
oophorectomy for granulosa cell tumor. 
Among 45 patients of all ages who received 
this latter type of treatment, there were no 
‘recurrences. In the literature the recurrence 
rate for granulosa cell tumor varies from 4.5 
per cent (von Pallos, 200 cases) to 28 per 
cent (Novak and Brawner, 32 cases). 

Conservative surgical procedures were car- 
ried out in 8 cases in which the patients were 
less than 45 years of age. There were no 
recurrences in this group and 3 of the pa- 
tients subsequently became pregnant. Al- 


though this portion of our series is small, it is 
our impression from reading the literature 


that conservative operation is a safe pro- 
cedure for young women when the granulosa 
cell tumor is well encapsulated. 

Irradiation. In the experimental animal 
(mouse ), granulosa cell tumors have been pro- 
duced by the use of roentgen rays. The 
question might, therefore, be raised as to 
what stimulating effect intrauterine radium 
theoretically might have on the ovaries of 
women later found to contain granulosa cell 
tumor. In 6 of our cases radium had been 
employed in the treatment of postmeno- 
pausal bleeding. In several instances cessa- 
tion of bleeding indicated that the radium did 
not cause a tumor but had a definite retarding 
influence on a pre-existing granulosa cell 
tumor. One of these cases was reported 
previously by MacCarty and one of us 
(Dockerty, 7). The pertinent details of 
another case follow. 


A 52 year old multiparous woman had had 
amenorrhea for 7 years after the birth of her second 
child at the age of 31. Menometrorrhagia began 
when she was 38 years of age and continued for 8 
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years. At the age of 46 a pelvic tumor, which was 
diagnosed as fibromyoma, appeared. Roentgen 
therapy was administered in an amount calculated 
to produce an artificial menopause. According to 
the patient, the bleeding stopped and the tumor 
decreased in size. Six years later the bleeding 
recurred and on operation at the clinic a granulosa 
cell tumor was removed. The surgeon found noth- 
ing to indicate the necessity for removal of the 
uterus and the contralateral ovary. A course of 
roentgen therapy was given postoperatively. Five 
years later a recurrent granulosa cell tumor was re- 
moved from the mesentery of the small intestine 
but in spite of this operation and a third course of 
roentgen therapy the patient suffered another 
recurrence which caused death 3 years later. 


This case illustrates retrogression of a 
granulosa cell tumor with control of postmeno- 
pausal bleeding for a period of 6 years as a 
direct result of roentgen therapy. On the 
other hand, roentgen therapy failed to pre- 
vent recurrence of the tumor, as was also 
true in the 2 other cases in which the patients 
died from a similar recurrence. No definite 
claims can be made in 15 additional cases in 
which postoperative roentgen therapy was 
given. It is extremely difficult to evaluate the 
beneficial effects of irradiation in the case of a 
neoplasm which, like the granulosa cell tumor, 
possesses such a low incidence of clinical 
recurrence. 


SUMMARY AND CONCLUSIONS 


Sixty-two granulosa cell tumors were re- 
moved surgically at the Mayo Clinic between 
1910 and 1944. This constitutes 1.63 per cent 
of 3,800 ovarian tumors encountered during 
this period. About 60 per cent of these 
tumors were found in women who had passed 
the menopause. 

The most common clinical symptoms were 
uterine bleeding (74 per cent of 62 cases), 
amenorrhea (22 per cent), and abdominal en- 
largement (29 per cent). From a study of the 
records it was apparent that the tumors that 
produced these symptoms grew slowly and 
might have been present for as long as 35 
years. 

Urinary assays performed in the case of a 
woman, aged 57 years, were positive for 8 
rat units of estrogen per liter of urine ex- 
creted during the first 24 postoperative hours. 
The excretion of estrogen dropped to zero 
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during the next 24 hours. Blood and urine 
assays should be performed in these cases both 
preoperatively and postoperatively to widen 
our information concerning the excretion of 
estrogen as well as to aid in clinical diagnosis. 

Further evidence of hyperestrinism is 
afforded in our series by symptoms of pre- 
cocious puberty, amenorrhea, and postmeno- 
pausal bleeding, and is supported by the 
incidence of adenomyosis and endometriosis 
(9.6 per cent), which often occurred in post- 
menopausal patients; uterine fibromyomas 
(51.6 per cent); uterine hypertrophy (59.6 
per cent) and proliferative endometrium (67 
per cent). 

Differentiative (secretory) changes in the 
endometrium were correlated in 3 cases with 
luteinization in the granulosa cell tumor. 
Luteinization without the expected endo- 
metrial change was observed in 12 additional 
tumors. Thus the deduction that granulosa 
cell tumors may produce the differentiative 
hormone, progesterone, is suggested. Efforts 
should be made to obtain biologic proof of 
this phenomenon. 

The high incidence (21 per cent) of endo- 
metrial carcinoma observed in our 38 post- 


menopausal patients who had granulosa cell 
tumor was remarkable. In 3 of the 8 cases, 
carcinoma of the breast with axillary metas- 


tasis also developed. This phenomenon of 
coexistent ovarian, endometrial, and mam- 
mary carcinoma in the human being bears a 
marked similarity to the results of experi- 
ments on laboratory animals in which estrogen 
stimulation appears to be a factor in carcino- 
genesis. 

Pathologically, the tumors appeared to be 
of a low order of malignancy as determined by 
histologic grading. They conformed to the 
well established patterns with perhaps a high 
incidence of luteinization and a surprising 
number of cases (12) in which an admixture 
of granulosa cell and theca cell elements ex- 
isted. The distinction between the two 
elements usually could be made by ordinary 
methods of staining. Results of studies with 
special stains were somewhat equivocal and, 
in the average case, hematoxylin and eosin 
stains were adequate for diagnostic purposes. 
In cases in which the diagnosis is doubtful, 
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however, silver impregnation methods are 
helpful. 

Chemical analysis of four granulosa cell 
tumors indicated an excess of cholesterol and 
cholesterol esters as compared to the normal 
content of these substances in the ovaries. 
In general, this increase in lipoid content was 
thought to be related to storage of estrogenic 
hormone. By contrast, in our series, the 
phospholipid content of the tumors was sur- 
prisingly low. Analysis of luteinized portions, 
on the other hand, revealed increased amounts 
of both substances. 

In this group of 62 cases of granulosa cell 
tumor there were 4 definite recurrences and 1 
possible recurrence. Conservative surgical 
procedures among postmenopausal patients 
accounted for 4 and possibly 5 failures to 
obtain good results. Thus 4 recurrences and 
3 deaths occurred after conservative opera- 
tions in the postmenopausal group. This 
appreciable incidence of recurrences among 
older patients indicated that bilateral oopho- 
rectomy with hysterectomy is advisable for 
granulosa cell tumors affecting women past 
middle life. Less radical procedures, on the 
other hand, seem to be indicated for granu- 
losa cell tumor among younger women, inas- 
much as no recurrences were noted and 
pregnancy subsequently occurred in 3 cases. 

Our experience with postoperative _ ir- 
radiation for granulosa cell tumors in post- 
menopausal patients is not sufficient to 
warrant recommendations concerning this 
mode of treatment. However, we cannot 
state that such treatment might not be of 
value. Preoperative irradiation of the tumor 
may produce temporary regression with 
cessation of postmenopausal bleeding. If 
granulosa cell tumors are to be cured by ir- 
radiation, apparently the dosage must be 
markedly increased, if feasible, above the 
amount hitherto employed. 
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CONGENITAL MALFORMATIONS OF THE 


FIRST THORACIC RIB 


A Cause of Brachial Neuralgia Which Simulates the 


Cervical Rib Syndrome 
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M. H. POPPEL, M.D., Lieutenant Commander, M.C., U.S.N.R., New York, New York, and 
RALPH ADAMS, M.D, F.A.C.S., Boston, Massachusetts 


S a result of a large number of published 
articles and wide clinical experi- 
ence, the circulatory disturbances 
and neuralgias of the upperextremity 

which frequently result from cervical ribs or 
hypertrophy of the anterior scalene muscle 
are well understood. In 1916 Halsted was 
able to find 716 case reports of cervical ribs. 
It is not generally appreciated, however, that 
a similar picture may be produced by a con- 
genital abnormality of the first thoracic rib. 
We are taking this opportunity of reviewing 
the literature and adding 10 new examples of 
this little known anomaly. Five of these have 
come to operation for relief of specific com- 
plaints, while 5 others have remained wholly 
asymptomatic. Roentgenograms are repro- 
duced of 8 of the 10 cases to illustrate different 
varieties of the deformity. 


REVIEW OF LITERATURE 


Judging from the lack of general knowledge 
concerning first rib anomalies their existence 
should be extremely rare. This, however, is 
not the case. As long ago as 1912 Wingate 
Todd (65) reported that variations in the 
shape of the first rib were very frequent. 
While such deformities have been encountered 
repeatedly by anatomists and have been des- 
cribed as dissecting room curiosities, and in 
recent years have aroused the attention of a 
few radiologists, they have not received the 
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clinical recognition they deserve. Haven, in 
reviewing 5000 routine x-ray films of the 
chest, found 38 abnormalities of the first 
thoracic ribs against 37 cervical ribs. Of 
these 38 cases, 19 were in males and 109 in fe- 
males. The abnormality of the first rib was 
bilateral in 2 cases, 17 occurred on the right 
side and 19 on the left. Furthermore, the 
incidence of symptoms was at the same low 
rate in both groups of cases, as only 2 out of 
each group had any complaints referable to 
the deformity. In recent studies of large 
series of routine thoracic films, Etter found 68 
cervical and 31 abnormal first thoracic ribs in 
40,000, and Sycamore 10 of each in 2000 
students at Dartmouth College. It is there- 
fore probable that if radiologists in general 
scrutinized the routine chest film with special 
attention to the bony construction of the 
thoracic apex many more minor variations in 
the first ribs would be detected. 

The first unmistakable anatomical report 
of this malformation has been attributed by 
Dow to Hunauld. In 1740 he communicated 
to the Royal Academy of Sciences in Amster- 
dam a memoir (27) on variations in the num- 
ber of ribs. He described a portion of an 
adult skeleton ‘“‘in which the first rib on each 
side, well formed posteriorly and articulated 
with the first dorsal vertebra, became blended 
with the second rib, which was by this union 
much larger than usual.’’ This anomaly must 
be very similar to that which is illustrated in 
our third and eighth cases. Dow also cites 
the early dissecting-room findings of Knox, 
Sandifort, Turner (67, 68), and Struthers, 
all published prior to 1875. The earliest 
review of the literature which we have been 
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able to find was written by Arbuthnot Lane 
(34) in 1885. Ten years later Helm described 
16 cases which he had been able to find be- 
tween 1853 and 1885, Keen added 2 more of 
his own, and 19 other references were cited by 
Jones in 1910. Most of these are descriptions 
of anatomical and postmortem dissections and 
contain no account of clinical symptoms or 
operations. In the past 35 years, cases have 
been reported by Hvoslef; Clerc, Didier, and 
Bobrie; Brickner and Milch; Jaubert de 
- Beaujeu and Rollin (29, 30); Bruett; Re- 
mijnse; Carroll; Gladstone and Wakeley; 
Levi; Henry; Lindgren; Adson and Allen; and 
Walshe, Jackson, and Wyburn-Mason. A few 
other references have been given in these 
papers which are not included here. Many of 
these more recent writers report cases of pa- 
tients that have come to operation. 

Brickner and Milch (8), in an article which 
appeared in this journal in 1925, and Walshe 
and associates, in a description of 3 cases 
which reached this country while this paper 
was in preparation, have given particularly 
valuable presentations of this subject. We 
have taken the liberty of quoting extensively 
from these two excellent reports. As far as 
Brickner and Milch could determine, the 
credit for having recognized and described the 
production of symptoms by an abnormal 
first rib should go to W. W. Keen. One of his 
two cases, report of which was published in 
1907, was in a 21 year old man with the his- 
tory of a long standing mass in the neck and a 
4 month old brachial neuralgia. Roentgeno- 
grams showed that on the left side ‘‘the first 
rib, instead of curving forward from the 
spine, as does the right, changes its direction 
at its articulation with the transverse process 
and thence runs almost in a straight line down- 
ward and outward. The tip of it is lost at the 
point where the first rib and the clavicle cross 
each other.’’ No operation was performed on 
either of Keen’s 2 patients. 


ANATOMICAL VARIANTS OF FIRST RIB AND 
THEIR PROTOTYPES IN LOWER ANIMALS 


The first thoracic rib may show a great 
variety of malformations. These comprise 
rudimentary, floating, and bicipital ribs, 
central defects bridged by ligamentous bands, 
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exostoses, and elongated jointed structures 
such as are illustrated by Brickner and Milch 
and by our Case 5. Correlated skeletal vari- 
ations among the lower animals and em- 
bryological causes of malformation in man 
both contribute to our knowledge of this sub- 
ject. Dr. F. T. Lewis, professor emeritus of 
comparative anatomy at Harvard Univer- 
sity, has been of the greatest help to us in the 
preparation of the brief summary which 
follows. 

Variations in the development of the upper 
ribs may be subdivided into three principal 
groups: 

1. Failure of the ribs to reach the sternum. 
Hanson has pointed out that in vertebrate 
forms as far back as the shark the number of 
ribs which reach the sternum varies from zero 
to a large number. All the ribs may never 
connect with the sternum, as in various fishes 
and the frogs; or a series of them may reach 
the sternum, with floating ribs both above and 
below. This is true of birds (Stresemann), and 
man where, with the normal floating lower 
ribs, there may be anomalous cervical and 
deformed first ribs. In the earliest stages in 
both the pig and the cat continuity is lacking 
between the first and second ribs and the 
sternum (Whitehead and Waddell). In man 
most rudimentary first ribs form a synostosis 
or pseudarthrosis with the second, the type of 
bicipital rib described in whales by Turner 
(67). In these cases the junction of the ribs is 
usually close to the point of insertion of the 
anterior scalene muscle and the crossing of the 
trunks of the brachial plexus and subclavian 
artery (Jones). Instead of fusing with the sec- 
ond, the first rib may sometimes bend at the 
level of the sulcus (Bryce), or have an unusu- 
ally high position (Keen), or remain floating in 
the soft tissues at the base of the neck (Keen, 
Poirier). Such floating ribs may have a liga- 
mentous prolongation joining them to the sec- 
ond rib or the sternum (Todd, 65, Dwight). At 
times the ligamentous portion again becomes 
bone before it articulates with the manubrium 
(Dow). 

2. The division of ribs into vertebral and 
sternal bony portions. Division of the ribs into 
vertebral and sternal bony portions, the 
pleurapophyses and hemapophyses of Owen’s 
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Fig. 1. George W., R.O.T.C., X-ray No. 1861-1944. a, 
left, Routine thoracic skiagram showing normal appearance 
of first ribs. b, X-ray film taken several weeks later be- 
cause of pain in right supraclavicular fossa, which followed 


archetype skeleton, is characteristic of liz- 
ards, crocodiles, birds, and mammals (Flower, 
Stresemann, Pickhan). In mammals sternal 
ribs may be more or less calcified, while in 
armadillos they are well ossified and articu- 
late by synovial joints with the sternum and 
vertebral ribs. These are comparable to the 
human first rib with a central ligamentous 
portion, as described by Dow, and to the 
articulated ribs which are described herein. 
Helm has put forward the theory that such an 
articulation in a rib may be a compensatory 
mechanism to provide sufficient respiratory 
excursion of the chest in cases of abnormal 
synostosis with the rib below. 

Clinical and radiological descriptions of 
jointed ribs have been published by Vino- 
gradov, who encountered this anomaly in 6 
cases of cervical ribs; also by Etter, and Hal- 
lermann. In the first thoracic rib this anomaly 
has been described by Luschka, Lane (35), 
Sycamore, Brickner and Milch (8), Re- 
mijnse, Jaubert de Beaujeu and Rollin (29, 
30), and Walshe and associates. In the last 
three articles four of these first rib anomalies 
are illustrated where the articulation is fur- 
ther lateral and there is only a short length of 
the first rib beyond the joint which fuses with 
the second as a bony spur. Walshe and his 
colleagues have classified this malformation as 
an exostosis of the second rib, but in some of 
these cases the bony projection is so long and 
so closely resembles the outline of a rib that 





a blow on the shoulder. This illustrates the typical 
“stress fracture’’ of the first rib described by Alderson. 
Arrow points to linear transverse fracture in region of 
scalene tubercle. 


it has seemed more logical to us to consider 
the anomaly as a jointed first thoracic rib. 
Some writers have claimed that this condition 
is due to an old fracture of an abnormal rib, 
but no accounts of significant injury have been 
recorded (Etter). So called ‘stress fractures” 
of the first rib have recently been reported by 
Alderson, but these, as illustrated in Figure 1, 
appear as simple breaks in the continuity of 
an otherwise normal rib and in no wise re- 
semble the congenital anomalies here de- 
scribed. In these cases also a history of 
severe trauma is usually lacking. Koehler 
(quoted by Alderson) has stated that frac- 
tures of the first rib are extremely rare and are 
generally spontaneous fractures, due to mus- 
cular contraction. They “should not be 
confused with developmental abnormalities 
of the first rib.’’ We have been extremely 
skeptical about the traumatic etiology of 
these so called ‘‘stress fractures,’’ but one of 
us (M.H.P.) has recently had occasion to 
compare a routine chest film in a young naval 
cadet (Fig. 1, a) with a film repeated several 
weeks later because of supraclavicular pain 
which followed a heavy blow on the shoulder. 
This second skiagram (Fig. 1, b) shows the 
type of fracture described by Alderson and 
presents clear-cut evidence that it can occur 
as a result of trauma. It is therefore possible 
to theorize that such a fracture could occur in 
the type of anomalous first rib illustrated 
in Figure 8, c and, as the result of non- 
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Fig. 2. Reproduction, with slight modifications, of 
drawings in article by Jones to show etiological influence of 
a postfixed plexus in the development of a rudimentary 
first thoracic rib. a, Anatomical relations of last cervical 
and first thoracic nerves with a normal first rib. b, Com- 
pression and impaired growth of first thoracic rib when 
second thoracic spinal nerve contributes a large branch to 
brachial plexus—situation found at operation in Case 1. 


union from respiratory movement, produce 
in some of the publications mentioned the 
type of jointed rib deformity described and 
in our Case 5 (Fig. 7). We still believe, 
however, that these abnormal articulations, 
which are occasionally found in the first rib, 
are more likely to be of developmental than 
traumatic origin. 

3. Other features of anomalous first ribs. 
There are further idiopathic developments 
such as exostoses (Carroll, Maynard) and 
multiple centers of ossification—sporadic and 
unaccountable irregularities. In the presence 
of a congenital hemivertebra the first rib may 
be lacking altogether (Gladstone and Wake- 
ley). In addition to the abnormal develop- 
ment of the first rib, coexistent abnormalities 
of the second rib are very common and, to a 





Fig. 4. Tracing from x-ray film of Case 2. The first rib 
on the left is rudimentary and fuses with the second, which 
is more elevated and has a different curvature from the 
normal second rib on the right. 
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Fig. 3. Photograph of deformed first and second ribs in 
Case 1. The specimen is viewed from above. The position 
of the nerves was found to be similar to that illustrated in 
Figure 2,b. 


lesser degree, other skeletal malformations, 
such as changes in the upper end of the 
sternum (Helm), cervicothoracic scoliosis, and 
deformities of the vertebrae. The two latter 
phenomena have been particularly stressed by 
Walshe, Jackson, and Wyburn-Mason. 


ETIOLOGY 


Two creditable theories have been ad- 
vanced to explain the development of cervical 
ribs and maldevelopment of the first rib. 
According to Jones, “‘it is the nerves that are 
the dominant factors in shaping the destinies 
of the future ribs,”” because they develop be- 
fore the skeleton and are the important factor 
in governing the arrangement of the primitive 
body segments. In this connection he has 
pointed out that the subclavian groove in the 
first rib is in reality formed by and lodges the 
lowest cord of the brachial plexus. It is mis- 
leading to regard it as a groove for the sub- 
clavian artery, which lies above and in front 
of the nerve. Instead of the “sulcus sub- 
claviae,”” Jones rightly argues that this 
depression should be called the “‘sulcus nervi 
brachialis.”” He further states that “‘it is 
permissible to assume that . . . these anoma- 
lies are produced by a downward pressure 
caused by the nerve trunk arching over the 
rib in the sulcus nervi brachialis, and that the 
extra pressure exerted in these cases is caused, 
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Fig. 5. X-ray picture of Case 3 showing bilateral 
anomaly of first thoracic ribs. The second ribs are ab- 
1ormally broadened and there is also a slight scoliosis with 
its apex at the first thoracic vertebra. The central portion 
if the rib on the left has been resected at another hospital, 
leaving a 3 centimeter central stump projecting from the 
transverse process and a long bony spur behind the 
clavicle attached to the second rib (picked out in dotted 
line.) 


as a rule, by the inclusion of the second 
thoracic nerve in the brachial plexus” (Fig. 
2). This has also been emphasized by Hert- 
slet and Keith and by Dow, although the 
latter has pointed out that the rib may end at 
some distance lateral to the crossing of the 
nerve. In those cases in which a seventh 
cervical rib is unusually well developed, the 
first thoracic nerve often fails to join the 
plexus, at least in its normal bulk, and it is 
probable that different degrees of develop- 
ment of cervical ribs show the effects of 
varying contributions from that nerve. Cer- 
vical ribs are, therefore, liable to occur with a 
prefixed type of brachial plexus, while 
anomalous first ribs are found when the 
second thoracic nerve is an important com- 
ponent in posterior fixation. Sargent, who 
has described absence of a first thoracic 
contribution to the brachial plexus encoun- 
tered in the course of resecting a cervical rib, 
suggested that this anomaly is more common 
than a postfixed one. Walshe and colleagues 
agree that a rudimentary first rib is nearly 
always associated with a large contribution of 
the second thoracic root to the brachial 
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Fig. 6. X-ray picture of Case 4 showing 2% centimeter 
central stump and peripheral spur (dotted outline) of ab- 
normal first rib remaining after incomplete resection at 
another hospital. The central stump caused symptoms by 
projecting against the brachial plexus from behind. The 
second rib is also slightly deformed and broadened below 
the point of articulation with the first. 


plexus, but state that an added cervical rib is 
not necessarily related to a prefixed plexus. 

Wingate Todd (65) adds confirmatory 
evidence to this theory by finding that the 





Fig. 7. X-ray picture of Case 5. The first rib on the 
left is abnormally long and leaves the vertebra at an 
unusually obtuse angle. There is a joint behind the 
clavicle and the distal portion of the rib runs downward at 
an angle of 80 degrees to fuse with broadened second rib. 
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‘sulcus nervi brachialis”’ is less clearly cut or 
altogether absent in skeletons with cervical 
ribs. This anatomist has accepted Jones’s 
neuroembryological theory of rib malforma- 
tions, but believes that these errors in bodily 
segmentation cannot all be ascribed to this 
single cause. He has advanced the additional 
importance of vascular influences, and be- 
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Fig. 8. Abnormalities of first thoracic rib in 3 patients 
without related symptoms. a, Case 6. Bicipital type of first 
rib deformity. The machine gun bullet, which has cut the 
acromioclavicular ligament, has been arrested by the area 
of thickened bone at the point of fusion between the first 
and second ribs. b, Case 7. Uncompleted attempt at 
fusion of first and second ribs on right side. Here the first 
rib has kept its normal cartilaginous articulation with the 
sternum, but both it and the second rib are thickened and 
nearly joined as they cross behind the clavicle. c, Case 8. 
Extensive fusion of distal ends of first and second ribs on 
left. Note the additional deformity in the course of the 
first rib and the cervicothoracic scoliosis which centers on 
the corresponding vertebra. This general bony malforma- 
tion resembles Case 5 and other reported examples where 
joints are interposed between the end of the first rib and 
the projecting spur of bone from the second. 


lieves that variations in the arterial tree are 
prone to influence the development of the 
upper ribs on the left side. In our examples to 
be described the first patient had a postfixed 
brachial plexus with a large contribution from 
second thoracic root, and the fifth patient 
had several striking anomalies in subclavian 
and carotid arteries on left side. 
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Neither of these theories can account 
for the occasional appearance of a bicipital 
rib below the first thoracic segment. In the 
Radiological Department of the Naval Hos- 
pital there is a routine chest film in which the 
second rib ends at the midaxillary line and 
fuses with the third, whose shaft is consider- 
ably broadened at this point. This suggests 
that any of the upper ribs, if they fail to reach 
the sternum, tend to become attached to the 
rib below and by the resulting fusion form a 
bicipital rib. 

It is worthy of comment that with abnormal 
first ribs, as is also the case with cervical ribs 
and the scalenus anticus syndromes, symp- 
toms are rarely encountered before the age of 
twenty. This has been explained by Todd 
(66) in his account of the descent of the 
shoulder after birth. Since the upper limb 
develops at the level of the seventh cervical 
segment, the first and second thoracic nerves 
must first run upward until they have crossed 
the uppermost rib and then angulate down- 
ward to enter the arm. Because of this 
arrangement any elevation of the rib or 
depression of the shoulder must stretch these 
lower connections with the brachial plexus. 
Todd has shown that in the course of normal 
skeletal development there is a gradual de- 
scent of the shoulder with advancing years. 
This tendency is of course exaggerated when 
the individual carries any heavy weight, and 
is reduced when the weight is taken off the 
arm by supporting the elbow in a sling or on 
the arm of a chair. It is just these maneuvers 
which frequently result in exacerbation or 
relief of symptoms (see the clinical histories 
herein reported). 

In addition to the disturbances caused by a 
congenitally deformed rib, brachial neuralgia 
has been ascribed to pressure irritation of the 
lowest roots of the brachial] plexus by an ap- 
parently normal first thoracic rib. Numerous 
examples of this condition have been de- 
scribed by Buzzard, Bramwell and Dykes 
(5, 6), Stiles, Murphy, Morley, Stopford and 
Telford, Wheeler, and Brickner (7). Many 
of these patients were relieved by resection of 
portions of the first rib, but all were reported 
prior to the classical paper of Adson and 
Coffey (2), which appeared in 1927 and 
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brought out the réle of the anterior scalene 
muscle in compression of the brachial plexus 
in the presence of a cervical rib. In view of 
Naffziger’s (46) description of the anterior 
scalene syndrome, in which brachial neuralgia 
is found in the presence of an apparently 
normal first rib, it is our impression that these 
cases were probably examples of this condi- 
tion and would have been relieved with equal 
success by scalenotomy. A few may have even 
masqueraded as protrusions of lower cervical 
intervertebral discs, which may easily be mis- 
taken for the scalene syndrome and probably 
account for some of the failures of scaleno- 
tomy. Very recently Walshe, Jackson, and 
Wyburn-Mason have claimed that com- 
pression of the brachial plexus and sub- 
clavian artery may be produced by the 
clavicle as it approaches the first rib in cases 
of extreme sagging of the shoulder. 

Granted that a significant deformity exists 
at the thoracic outlet, the onset of symptoms 
frequently depends on some form of trauma 
to the shoulder girdle. A large proportion of 
the reported cases of anomalous first or 
cervical ribs with brachial neuralgia or vas- 
cular disturbances have occurred in service 
personnel soon after induction. Many of 
these men who have been leading relatively 
sedentary lives first develop symptoms after 
carrying a heavy pack or weight on the 
shoulder, or following a sudden muscular 
strain. Four out of our five cases with 
brachial neuralgia are in Naval personnel and 
one of them (Case 4) noticed the onset of his 
neuralgic pain following trauma. 


SYMPTOMS PRODUCED BY MALFORMATIONS 
OF FIRST RIB 


Symptoms and signs produced by con- 
genital deformities of the first rib fall into 
three main groups: 

1. Local. These include bony projections 
in the supraclavicular fossa, which can be 
felt and sometimes seen. Often the sub- 
clavian artery lies in an abnormally high 
position in the neck, and sometimes its 
pulsations are visible beneath the skin. The 
bony deformity is often a cause of vascular or 
neuralgic symptoms when the rib ends at the 
scalene tubercle, which is unfortunately the 
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most common arrangement. Here it may 
form a synostosis or pseudarthrosis with the 
second rib and its termination may be ex- 
panded by a prominent capsule. More rarely 
it continues as a band of fibrous tissue to its 
normal attachment with the sternum or ends 
as a bony tip in the soft tissues. In an unusual 
complication described by Henry, the sharp 
free end of the rib was a cause of intermittent 
pneumothorax. 

2. Vascular. Circulation in the arm is 
often reduced. This may be apparent at a 
glance when the hand is discolored and very 
cold, particularly if trophic disturbances are 
present. The radial pulse may be absent, but 
often it is necessary to compare the blood 
pressure in both arms, while downward 
traction is made on the affected side or the 
patient rotates his chin in this direction, 
throws his shoulders back, and takes a deep 
breath (Adson and Allen, 1). Brickner and 
Milch and also Walshe and colleagues have 
reported cases with an arterial bruit. Re- 
duced circulation in the arm has been ascribed 
by Todd (65), Stopford and Telford, and 
Wilson to the irritation of sympathetic 
fibers in the lowest cord of the plexus. 
Walshe and his colleagues have described a 
patient with an associated Horner’s sign and 
loss of sweating of the right face, neck, and 
upper extremity. As these observers pointed 
out, it is obvious that the rudimentary first 
thoracic rib in this case must have produced a 
sympathetic paralysis, not of peripheral 
origin from compression of the plexus, but 
from injury in the region of the cervico- 
thoracic ganglion, which carries sympathetic 
fibers destined for the head as well as the 
upper extremity. To account for the common 
reduction of circulation seen in the arm, one 
would have to assume an irritative action on 
the sympathetic axones in the brachial 
plexus, which should be accompanied by 
hyperhidrosis and possibly pilomotor distur- 
bance, in addition to vasoconstriction. Neither 
we nor any other writers have observed these 
manifestations with either cervical or abnor- 
mal first thoracic ribs. Furthermore, as Sir 
Thomas Lewis (38) has shown, neurogenic 
constriction of the arteries is never suffi- 
ciently intense to obliterate their pulsations. 
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In short, as Walshe and colleagues have 


summed up the argument, “it seems clear 
that there are no grounds upon which we can 
reconcile coldness, cyanosis, pallor, and tin- 
gling of the hands with involvement of sym- 
pathetic fibers, and that there are many 
grounds upon which we must relate them to 
compression of the subclavian artery.’’ When 
this is severe and long continued, intimal 
changes may occur and result in local or wide- 
spread thrombosis. This has been described 
in first rib anomalies by Russel, Bruett, Re- 
mijnse, Lindgren, Adson and Allen (1), and 
Walshe and his co-authors. Among the 
clinical histories of the peripheral circulatory 
clinic and the private wards of the Mass- 
achusetts General Hospital, there are 2 cases 
of cervical rib in which thrombi appear to 
have broken off and caused emboli to lodge in 
the brachial and digital arteries.1 Lewis and 
Pickering (39) and Walshe and colleagues 
have recorded similar complications. This 
may well have been the case in Lindgren’s 
patient with an anomalous first rib and sub- 
clavian aneurysm at this point, as the brachial] 
artery was occluded in the mid upper arm. 
Venous congestion and the formation of 
collateral channels from compression of the 
subclavian vein by a normal first rib has been 
reported by McLaughlin and Popma and by 
Sampson, Saunders, and Capp. The presence 
of a malformation in the first rib might well be 
present in this condition and should be sought 
for, although to our knowledge no instance 
has yet been reported. This may be ex- 
plained by the fact that most anomalous first 
ribs are rudimentary and end at the scalene 
tubercle before the point of crossing of the 
subclavian vein. 

3. Neurological. Local tenderness on pres- 
sure over the prominent rib behind the 
clavicle, with at times radiation of pain down 
the arm, are frequently present. Sometimes 
the plexus can be rolled over the underlying 
bony prominence and tingling paresthesias 
produced in this way (Case 5). Numbness 


1In the first, tient of Dr. Henry ». Faxon, a resection of the 
occluded An Tog of the brachial arte: rformed prior to the re- 
moval of the cervical rib. It was thought ~ t that the primary cause 
of occlusion was thrombosis. Dr. Tracy Mallory, who examined the 

microscopic sections, stated that there was no evidence of arteritis and 
that “the findings are much more suggestive of embolism than of a 
locally generated thrombosis.’’ 
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may be present in the more severe cases, or 
when the shoulder is drawn down by lifting a 
heavy weight. Such sensory changes may be 
only subjective. When objective, proto- 
pathic sensibility is more likely to be reduced 
than epicritic (Wilson). It has seemed to 
us that in these cases the pain is not as likely 
to be limited to the distribution of the ulnar 
nerve as in the case of cervical rib or scalene 
compression. This, however, is not always 
true, as cases of cervical rib have been re- 
ported by Dejerine and Wilson in which 
pain was referred to the lateral side of the 
hand. Swank and Simeone have reported 
a number of instances of the anterior sca- 
lene syndrome in which pain referred to the 
upper plexus distribution was relieved by 
scalenotomy. ‘The most complete descrip- 
tion of neurological changes in the arm due 
to an abnormal rib has been given by Kinnier 
Wilson. He pointed out that the neuralgic 
pain, paresthesias, and muscular weakness 
may be limited to the ulnar area, or involve 
the thenar eminence and radial side of the 
hand and forearm. To account for this he has 
pointed out that the medial heads of the 
median and the ulnar nerves have a common 
origin from the eighth cervical and first 
thoracic spinal nerve roots. Walshe and col- 
leagues have stated that nerve compression, 
like arterial, need not be produced at the 
sulcus nervi brachialis. If it occurs more 
peripherally, as when the clavicle squeezes 
down on the deformed first rib, other portions 
of the sensory and motor outflow to the arm 
may be involved. In addition to the sensory 
manifestations, motor weakness with wide- 
spread loss of power in the arm may be pres- 
ent, and atrophy of the arm and _ intrinsic 
hand muscles has also been reported, in no 
wise different from the paralyses seen with 
cervical ribs. Loss or reduction of reflexes is 
an additional sign. The reduction in motor 
power may be secondary to impaired circu- 
lation, as well as to direct paralysis of motor 
nerve fibers (Lindgren, and our Case 1). 

We have been unable to differentiate con- 
genital abnormalities of the first rib from 
cervical ribs or compression by the anterior 
scalene muscle on the basis of clinical symp- 
toms or physical signs alone. A _ similar 


conclusion has been reached by Walshe and 
colleagues. The sensory disturbances may be 
somewhat more widely distributed in the 
former condition, but this is not definite 
enough to be counted on. Even with an ordi- 
nary anteroposterior x-ray picture of the 
cervicothoracic spine, bilateral malformations 
of the first thoracic ribs can easily be mistaken 
for cervical ribs, as the mandible hides tke 
upper cervical vertebrae and it is not possible 
to count down from the atlas to identify the 
first thoracic segment. A lateral film is not tco 
helpful because it is often difficult to define 
the exact vertebra to which the uppermost rib 
is attached. It is essential to be able to out- 
line all the vertebrae in the neck and upper 
thorax on an anteroposterior film which shows 
the details of the upper rib articulations as 
well. This can be accomplished by making a 
long exposure with the patient opening and 
closing his mouth. In this way the shadow of 
the mandible is blurred so that it does not 
obscure the outlines of the atlas and axis 
vertebrae. Anteroposterior x-ray films should 
include the whole of the second as well as the 
first rib, as the anomaly often involves the 
two. All of the bony structures bounding the 
thoracic apex require careful scrutiny. In 
unusual cases it may be advisable to include 
the entire spine, so that the total number of 
ribs and lumbar vertebrae can be counted. 
Unless these precautions are observed, first 
rib deformities will be missed. After an exami- 
nation of skiagrams reproduced in many 
articles which purport to illustrate typical 
cervical ribs, we, as well as Walshe and his 
colleagues, have been impressed at finding 
that some have been misdiagnosed even by 
roentgenographers and actually represent 
malformations of the first thoracic rib. 

While the presence of a malformation of the 
uppermost rib can often be diagnosed by the 
clinical evidence of a mass with compression 
of the brachial plexus or subclavian artery, 
and its vertebral origin determined by roent- 
genography, it is still important to make 
certain that it is the actual cause of the symp- 
toms. Other conditions which can give rise to 
nearly identical complaints are neoplasms of 
the superior pulmonary sulcus (49), cervical 
arthritis, and herniation of one of the lower 
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cervical intervertebral discs. While such 
diagnostic errors could not be made in the 
presence of a large first rib deformity with 
evidence of postural arterial compression, a 
concomitant disc herniation could easily be 
missed in the presence of a rudimentary first 
or cervical rib and symptoms limited to 
neuritic manifestations. This complication 
could have been present in our Case 2 in 
which coughing, sneezing, and turning of the 
head caused pain to radiate to the shoulder 
and arm. Under these circumstances lumbar 
puncture should always be performed, and in 
addition a myelogram with opaque oil if the 
cerebrospinal fluid protein is elevated. 


PERSONAL CASES 


Our experience with malformations of the 
first thoracic rib comprises 10 cases, 5 of whom 
required surgical intervention for relief of 
neuralgia, with superimposed thrombosis of 
the subclavian artery in the first patient. The 
other 5 had no specific complaints and were 
discovered in the routine examinations of 
thoracic x-ray films made for other conditions. 
The case histories of the patients upon whom 
operations were performed are given in detail 
below. Of the asymptomatic group, roent- 
genograms of 3, which illustrate interesting 
variations of this anomaly, are reproduced in 
Figure 8. The remaining 2, who had de- 
formities resembling those already described, 
are merely mentioned for statistical purposes. 


CasE tI. Mrs. Helen T., aged 35 years. Congenital 
malformation of first and second ribs on left with 
compression of brachial plexus and subclavian 
artery. Posterior fixation of brachial plexus. No 
improvement after scalenotomy, but good result 
following subtotal resection of ribs and pregang- 
lionic sympathectomy. 

Four months prior to her first admission to the 
Massachusetts General Hospital, this woman noticed 
a sense of numbness in the fingers of her left hand. 
Gradually subjective hypesthesia developed in the 
hand as well, and paresthesia after use. For the past 
2 months she had complained of dull pain, which she 
could usually relieve by abduction of the shoulder. 
On admission a bony prominence was palpated in 
the supraclavicular fossa on the left and the sub- 
clavian artery was somewhat more prominent than 
usual. In addition to a widespread purely sub- 
jective hypesthesia, we observed that her hand was 
distinctly colder and at times whiter or more cya- 
notic than her right, although the arterial pulsations 
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at first were normal. Blood pressure readings were 
132/98 on the right, 124/88 on the left. Skin tem- 
perature measurements brought out a reduction of 
12 degrees F. in the left thumb and small finger, and 
of 21 degrees in the middle finger (at room tempera- 
ture of 68 degrees). Ergometer tests showed a grip 
of 70 kilograms in the right hand, 60 in the left. 
Her general physical examination was not otherwise 
remarkable, except for obesity. X-ray films, which 
unfortunately were destroyed at the end of a 5 year 
interval, were at first interpreted as showing bi- 
lateral cervical ribs. However, on counting the 
number of ribs it was found that there were only 
twelve pairs. The upper one on the right was a com- 
plete rib and articulated with the sternum, but the 
one on the left formed a pseudarthrosis with the 
middle of the second rib. A routine lumbar punc- 
ture was normal. 

October 23, 1939, exploration of abnormal first 
rib and division of left anterior scalene muscle were 
carried out. After careful dissection and palpation 
it was evident that the anterior scalene muscle was 
unusually tense. When cut across its ends re- 
tracted widely, and we felt that it accounted at 
least in part for the irritation of the brachial plexus. 
There was no definite evidence, however, that the 
subclavian artery was compressed. The artery was 
unusually prominent and looped around the lateral 
edge of the muscle, but it pulsated normally. The 
deformity in the ribs was found to consist of a large 
pseudarthrosis with a thickened capsule where the 
underdeveloped first rib joined a hypertrophied 
second rib just beneath the point where it was 
crossed by the artery and nerve trunks. As the 
myotomy seemed to have relieved all pressure on 
these structures, no effort was made to remove the 
rib deformity. This proved to be an error, as later 
developments brought out. 

Convalescence was uneventful. On re-examina- 
tion 6 weeks later she had no subjective complaint, 
but there was a small subungual abscess in her left 
third finger. All the fingers on the left remained 
colder and the color of this hand distinctly darker 
than the right. When next seen on February 29, 
1940, she had no complaints, but by the following 
autumn her original subjective symptoms had re- 
turned. In addition to the temperature and color 
changes in her left hand, the radial pulse had dis- 
appeared and blood pressure readings were barely 
obtainable from the brachial artery. She was there- 
fore advised to return to the hospital, and was 
readmitted on October 22, 1940. At this time her 
pain was not as severe as on her previous admission 
(‘‘only a dull ache’’), but she complained of a dis- 
turbing numbness and weakness, especially after 
working. Again the numbness was purely a sub- 
jective sensation, but no pulsations or blood pressure 
readings could be obtained in her left arm. Tests to 
determine the rate of muscular fatigue (compression 
of ergometer to 30 kgm. 36 times a minute) showed 
that contraction of the left hand could be continued 
for only 1 minute and 10 seconds before the onset of 
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severe pain in the muscles of the forearm, whereas 
similar exercise could be kept up in the normal right 
hand for 5 minutes and 5 seconds, after which there 
was inability to do further work but no actual pain. 
When a tourniquet was applied to the right arm, 
fatigue and pain occurred in 1 minute and 15 
seconds. 

October 28, 1940. Diagnostic paravertebral pro- 
caine block of the upper thoracic ganglia, in the 
manner originally advocated by one of us (J.C.W., 
72), resulted in a dramatic increase in temperature 
to the normal vasodilatation level, but no return of 
the radial pulse. Her ability to flex her fingers at a 
constant rate against a given resistance was then 
compared with previous trials. Although the in- 
creased blood flow did not augment her capacity to 
work, the onset of fatigue no longer brought on the 
painful claudication. 

October 29, 1940, subtotal excision of the left 
first and second ribs and preganglionic sympathec- 
tomy, under intratracheal ether anesthesia were 
done. Exposure was facilitated by a wide semi- 
circular incision with lateral retraction of the 
scapula. In addition to a subtotal resection of the 
fused first and second ribs, the central portion of the 
third rib was removed to obtain the most effective 
exposure for a preganglionic sympathetic denerva- 
tion of the arm (73). In the course of the sympathec- 
tomy it was found that the patient also had a 
posterior fixation of the brachial plexus, with a large 
second thoracic nerve which ran upward to join the 
plexus. We were therefore unable to carry out the 
usual resection of the roots of the second spinal 
nerve, but had to content ourselves with a careful 
resection of its sympathetic rami which connected 
it with the second thoracic sympathetic ganglion. 

Although the x-ray films are no longer available, 
a good idea of this unusual malformation can be ob- 
tained from Figure 3, a photograph of the specimen 
removed at operation. It is evident that we were 
dealing with a very large second rib, joined by an 
abnormally small first thoracic rib in a pseudar- 
throsis some 7 centimeters lateral to the costo- 
vertebral articulation. 

When last seen 17 days after this operation the 
patient had no pain in her arm or hand, even after 
active movements and ergometer tests. Her left 
hand remained normal in color and distinctly 
warmer than the normal extremity, although there 
had been no return of the radial pulse. 

CasE 2. Donald H., age 22 years, WT 2/c, USN. 
Congenital maldevelopment of first rib on left, which 
fused with second, causing irritation of brachial 
plexus. Partial relief following anterior scalenotomy. 

This was the second episode of pain starting in the 
left supraclavicular region with radiation to the 
shoulder and down the arm. It extended to all the 
fingers except the thumb. At times when the pain 
was severe his neck became stiff and painful on 
movement; coughing and sneezing hurt. He had 
discovered that under these circumstances he was 
most comfortable lying on his back with his neck 





straight and weight off his arm. The present attack 
had started 6 weeks prior to his admission and had 
again partially cleared. Eighteen months pre- 
viously he had developed syphilis, but after a full 
course of antiluetic treatment the Kahn reaction and 
spinal fluid examination were normal. His physical 
examination was not remarkable except for the 
finding of distinct supraclavicular tenderness over 
the insertion of the left anterior scalene muscle, with 
a distinct bulge in this area. The subclavian artery 
was more prominent on this side than on the right. 
Blood pressure readings were the same in both arms, 
and it was impossible to shut off his radial pulse by 
any maneuver. Although neck movements had 
formerly been painful, they were free at the time of 
this examination. 

The x-ray picture, reproduced in Figure 4, dis- 
closed a rudimentary first rib which joined the 
second 3% centimeters lateral to its articulation 
with the transverse process. 

Owing to the local tenderness at the origin of the 
scalenus anticus, it seemed more logical to explore 
anteriorly, although total resection of the rib would 
have required a posterior incision. 

On April 12, 1944, supraclavicular exploration and 
anterior scalenotomy were done. There was con- 
siderable fibrosis around the lower end of the 
scalene, which was mainly inserted into the second 
rib. The subclavian artery and lower portion of the 
plexus were compressed between the lateral border 
Ags muscle and the end of the rudimentary first 
rib. 

After a smooth convalescence with early physio- 
therapy and swimming, he was discharged to duty 
after 4 weeks. He returned for a check-up after a 7 
month period of sea duty complaining of intermit- 
tent bouts of less severe discomfort in his left 
shoulder. These were not continuous and not very 
incapacitating. On being offered the choice between 
a trial of limited shore duty or resection of the rudi- 
mentary first rib, he chose the first alternative, as 
he did not feel that he had sufficient discomfort to 
require further surgery. 

CaSE 3. George R., aged 29 years, S 2/c, USN. 
Bilateral congenital anomalies of first ribs with 
cervical and brachial neuralgia, and partial com- 
pression of left subclavian artery. Postoperative 
return of left-sided pain, due to incomplete removal 
of rib with residual bony spur. Two stage removal 
of rib stumps followed by progressive improvement. 

For the past year and a half this sailor had com- 
plained of pain in his left neck, shoulder, and arm. 
Similar discomfort to a much lesser degree was also 
present on the right side. He had noticed a lump in 
the left supraclavicular fossa for several years. 
X-ray pictures taken at another Naval Hospital 
showed a bilateral congenital deformity of the first 
ribs. On the right side the rib was a mere rudi- 
mentary stump, but on the left it measured some 8 
centimeters in length and joined the second rib in the 
vicinity of the insertion of the anterior scalene 
muscle. On November 3, 1943, the insertion of the 
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left anterior scalene muscle had been divided and 
part of the first rib removed. The surgeon reported 
compression of the subclavian artery. The patient 
had satisfactory relief for about a month, but then 
on resumption of full activity pain recurred on the 
left side and gradually increased in severity. 

This patient had an unusually long neck and 
sloping shoulders. Examination showed both sub- 
clavian arteries displaced to an unusually high 
position. On the left side the artery lay directly 
above a bony spur in the second rib. He had pain 
and hypesthesia on the left over the distribution of 
the cervical plexus and down the inner side of his 
forearm to the three medial fingers of the hand. In 
addition there was a slight diffuse motor weakness in 
this arm, with a reduction of the biceps and radial 
tendon jerks. All movements that lowered the left 
shoulder were painful and caused a reduction in 
volume of the pulse at the wrist, but temperature 
measurements showed that at rest the brachial cir- 
culation was not seriously reduced. 

An x-ray picture at this time (Fig. 5) explained 
the cause of the residual neuralgia and reduced 
brachial blood flow. Only the central portion of the 
rib had been removed, so that in addition to a 3 
centimeter costal stump on the left that pressed on 
the piexus from behind there was a large spur of bone 
where the tip of the defective rib had fused with the 
second. Its end lay just at the point where the 
plexus and subclavian artery normally cross the 
superior border of the rib. In front of the point of 
fusion the second rib was greatly widened as it pro- 
jected forward to its costal cartilage. On the right 
side there was a very similar malformation, so that 
it was surprising that neuralgia on this side had been 
only a minor complaint. 

Removal of the bony prominences on the left was 
carried out in two stages under intratracheal ether 
anesthesia. On July 24, 1944, excision of the central 
stump of the first rib was performed through the 
transverse approach described by White, Smithwick, 
Allen, and Mixter (74). This posterior muscle split- 
ting incision gives an ideal exposure for removal of a 
small cervical rib or the posterior half of a first rib. 
On September 21, 1944, the 4 centimeter residual 
bony spur where the first rib fused with the second 
behind the clavicle was cut back by reopening the 
previous supraclavicular incision. The brachial 
plexus and subclavian artery were mobilized, after 
the scar was freed at the point where the scalenus 
anticus tendon had been previously cut at its in- 
sertion into the spur-like termination of the first rib. 
This had pressed directly against the under surface 
of the plexus. It was obviously the cause of irri- 
tative pain in his arm, but did not explain the 
cervical neuralgia. His postoperative course was 
satisfactory. At the time of discharge 5 weeks later 
to a Naval Convalescent Hospital there was still 
some induration of the soft tissues with local tender- 
ness, but the neuralgia was gradually disappearing. 

CasE 4. Clarence F., aged 39 years, CBM, USN. 
Congenital developmental defect of first rib on left, 





which articulated with the second, causing severe 
brachial neuralgia. After limited removal of an- 
terior portion, residual plexus irritation from stump 
of rib. Satisfactory result after resection of pos- 
terior portion of rib. 

Fifteen months previously this chief petty officer 
fell, striking his left elbow. Pain developed in his 
left shoulder, which became incapacitating in the 
next 2 months. On November 17, 1943, he was 
operated upon at another Naval Hospital and part 
of an abnormal first rib was resected. Pain per- 
sisted in his left shoulder and arm, radiating to the 
radial side of the hand. 

This patient had extreme tenderness on pressure 
over the left supraclavicular scar, where the plexus 
could be rolled against the posterior end of the 
incompletely resected rib. Both subclavian arteries 
appeared to be unusually prominent, more so on 
the left side, where the artery lay close under the 
skin. There was slight muscular weakness and sug- 
gestive atrophy (circumference of forearm 2 cm. less 
than on right), but no evidence of occlusion of the 
displaced subclavian artery. X-ray examination 
(Fig. 6) revealed a normal first rib on the right, but 
on the left side the maldeveloped first rib, approxi- 
mately 9 centimeters in length, had fused with the 
second just beneath the clavicle. After the previous 
inadequate resection there remained a 234 centimeter 
posterior stump and a small pointed spur projecting 
from the inner border of the second rib beneath the 
clavicle. 

December 15, 1944, resection of the remaining 
central portion of the abnormal first rib through a 
transverse posterior muscle splitting incision (74) 
was performed under intratracheal anesthesia. 
After a normal recovery the patient was transferred 
to a convalescent hospital 5 weeks after his opera- 
tion. At this date there was still some slight local 
tenderness and subjective hypesthesia in his arm, 
but the brachial neuralgia was relieved. The mild 
subjective sense of numbness should clear with time. 

CasE 5. William M., aged 38 years, Carp., USN. 
Congenital abnormality of left first rib with unusual 
joint and 80 degree angulation beneath the clavicle, 
causing compression of brachial plexus. Anomalous 
origin of left subclavian, transverse cervical, and 
internal mammary arteries. Relief following wide 
resection of central portion of rib. 

A symptomless bony protrusion had been present 
in this warrant officer’s left supraclavicular fossa for 
10 years. For 2 years he had noticed that his left arm 
would go to sleep if he stood too erect with his 
shoulders back, after sitting long in one position, or 
after lifting heavy objects. Two months ago he 
awakened with stiffness in this side of his neck. 
This increased and he found that sudden turning of 
his head caused occipital pain. Pain also began to 
radiate to his biceps and elbow, especially if he 
carried anything under his arm or worked with his 
arm elevated. There had been no history of trauma. 

Examination revealed an unusual enlargement of 
the first rib, which on palpation resembled an exos- 
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tosis. Just posterior to the clavicle and extending 
back toward its vertebral articulation the rib was 
elevated and unusually prominent. It was impos- 
sible to shut off the radial pulse by any maneuver, 
but pressure against the bony prominence produced 
tingling paresthesia in the ulnar side of the hand. 
There were neither objective sensory nor motor 
paralyses. 

The x-ray picture, reproduced in Figure 7, 
visualized a most unusual deformity on this side, 
where the first rib arose at a very obtuse angle and 
ran nearly in a straight line for 7 centimeters from 
its transverse process. Here, at a point just behind 
the clavicle, it ended in a distinct joint. Below this 
articulation the distal segment of the rib changed 
direction abruptly to run 3 centimeters directly 
downward and fuse with a broadened anterior por- 
tion of the second rib. The resultant 80 degree 
angulation in the first rib lay directly beneath the 
brachial plexus. On the right side the ribs were 
normal. (For reports of other cases of jointed cervi- 
cal and first thoracic ribs and theories of their 
origin, see foregoing.) 

On March 19, 1945, the supraclavicular fossa was 
widely exposed by a transverse incision a finger’s 
breadth above the clavicle, which extended from the 
clavicular insertion of the sternocleidomastoid 
muscle and curved upward to the anterior border of 
the trapezius. The phrenic nerve, together with a 
large accessory trunk, was retracted medially and a 
thinned-out insertion of the anterior scalene muscle 
divided. After a wide exposure had been secured, 
the bony anomaly, arteries, and nerve trunks at the 
base of the neck were carefully examined. It was 
then apparent that the posterior portion of the first 
rib came off at an unusually obtuse angle, ending at 
the point of maximum prominence just behind the 
clavicle. Here the palpable bony mass was found to 
consist of a pseudarthrosis with cartilage covered 
bone ends, but very limited mobility. The portion 
of the rib anterior to this ran obliquely downward 
beneath the clavicle to join the second rib. The 
cords of the brachial plexus lay directly over the 
projecting articulation, so that they were com- 
pressed and angulated by the underlying bone. At 
this point the space between the first rib and the 
clavicle was greatly narrowed, so that the Walshe, 
Jackson, and Wyburn-Mason theory of clavicular 
compression may well have played an important 
réle. There were other vascular anomalies: a large 
left innominate artery which gave rise to the sub- 
clavian and common carotid, which in turn gave off 
the internal mammary and transverse cervical 
arteries, and an inferior thyroid which arose from the 
subclavian several centimeters lateral to its usual 
point of origin. No transverse scapular artery could 
be seen. By careful manipulation the brachial 
plexus was retracted far enough mesially to permit 
freeing up and cutting the rib 3 centimeters behind 
its point of acute angulation (at the insertion of the 
medial scalene). It was then a simple matter to free 
the attachments of Sibson’s fascia and strip away the 


pleura. The rib anteriorly was then rongeured away 
to the pseudarthrosis, where it disappeared beneath 
the clavicle. When this had been completed its for- 
ward end dropped down, leaving the small distal 
stump well clear of the plexus and covered with a 
smooth layer of cartilage. A rubber dam drain was 
left in the extensive dead space from which the 
section of rib was removed. 

Beyond some tingling paresthesias, which were 
present for a few days, there were no sequelae to 
this extensive manipulation beneath the plexus. 
The drain was removed the day following operation, 
and the incision healed uneventfully. At the present 
moment, 6 weeks after the operation, he is nearly 
free of his former symptoms. 


The symptoms of mechanical irritation of 
the brachial plexus and compression of the 
subclavian artery caused by a congenital mal- 
formation of the first rib are exemplified by 
the 5 cases here reported. To illustrate some 
further variations of these abnormal ribs the 
x-ray films of 3 additional cases are reproduced 
in Figure 8. These, together with similar 
deformities in 2 other examples, were the 
cause of no symptoms whatever, but were 
picked up by one of us (M.H.P.) in the course 
of routine examinations of chest films. This 
series of 10 includes all the common mani- 
festations of this deformity which we have 
been able to find in published case reports. 
Of the concomitant malformations, cervico- 
thoracic scoliosis was present in 3 (Cases 3, 
7, and 8), while deformities of the second rib 
occurred in every instance. Of the more rare 
complications which have been reported, 
aneurysmal expansion of the subclavian 
artery, venous congestion, vertebral anom- 
alies, Horner’s syndrome from sympathetic 
paralysis, and spontaneous pneumothorax 
have not been encountered. That these de- 
formities have been found in 9g males to a 
single female is without significance, as all but 
one were in Naval personnel. In Case 3 the 
deformity was bilateral, but in all 5 patients 
with actual neuralgia the first rib on the left 
was the cause of the predominant symptoms; 
this again is probably of no statistical signi- 
ficance, as in other reported cases the inci- 
dence has been approximately equal on the two 
sides. Onset of symptoms following definite 
trauma occurred only in Case 4. 

It is worthy of comment that we have en- 
countered only a single malformation of the 
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first rib in a civilian during the past 514 years, 
and that the others have all been in U. S. 
Naval personnel. In the first half of the 
series, our attention was directed to the con- 
dition by neuralgic pain. Four of these de- 
formed ribs were in sailors seen during the 11 
months’ period ending in March, 1945. As 
has so often been the case with other new 
medical syndromes, as soon as the condition 
has been recognized and the attention of a 
large clinic focused upon it, new examples are 
then found with increasing frequency. Within 
the past 2 months 5 additional asymptomatic 
cases have been discovered. We are con- 
vinced, therefore, that anomalies of the first 
thoracic rib are no greater rarity than cervical 
ribs. Their presence should be sought for by 
roentgenologists and their symptomatology 
recognized by surgeons and orthopedists. 

A summary of the type of symptoms and 
signs found in our patients follows: Supra- 
clavicular tenderness was noted in all but 1, 
supraclavicular bony projection in all. As 
to sensory disturbances, neuralgic pain was 
noted in all, subjective numbness in 4, ob- 
jective sensory loss in only 1. Of motor 
paralyses, muscular weakness was noted in 3; 
muscular atrophy in 1; reflex changes in 2. 
As to vascular changes, the subclavian artery 
was prominent in all; arterial compression in 
2; but there was found no venous compression, 
no irritation or paralysis of sympathetic 
fibers. 

As to pain distribution, in Case 1 diffuse 
pain was noted in the fingers and hand; in 
Case 2 pain was noted in shoulder, arm and 
second to fifth fingers; in Case 3, in occiput, 
neck, shoulder, medial forearm, and third to 
fifth fingers; in Case 4, in shoulder, arm, and 
radial side of hand; in Case 5, in occiput, neck, 
shoulder, biceps, elbow, and ulnar side of 
hand. This summary shows that the neural- 
gia from an abnormal first rib is unusually 
widespread. It was limited to the ulnar side 
of the hand in only 2 cases, including also the 
shoulder and upper arm in 4, and the neck and 
occipital region in 2. How the cervical plexus 
can be involved is not known. 

Motor weakness also seems to be rather 
diffuse. It was not limited to the lowest trunk 
of the brachial plexus and was not accompa- 








nied by atrophy of the intrinsic muscles of the 
hand which are innervated by the ulnar nerve. 
Although the subclavian artery was forced 
upward by the underlying abnormal rib in all 
the 5 patients, evidence of actual arterial com- 
pression was present in only 2. In Case 3 
there was a slight postural occlusion of the 
radial pulse, but.in Case 1 the postural factor 
was at first pronounced and was later followed 
by thrombosis of the brachial artery. None of 
these patients had any evidence of sympa- 
thetic irritation or paralysis. In Case 1 
sympathectomy restored an excellent blood 
flow by dilating the collateral channels, 
although the thrombosed arteries remained 
occluded. 

Mild cases of neuralgia due to a congenital 
deformity of the first rib may respond to 
orthopedic measures, as is often the case in the 
scalene syndrome (Nafiziger and Grant, 47). 
These consist of improvement in posture, 
exercises to strengthen the trapezius and tke 
other muscles which elevate the shoulder 
girdle, and temporary support of the upper 
extremity by a sling, arm of a chair, or the 
recumbent position. Reichert has also de- 
scribed an arrangement of three pillows so that 
when the patient lies on his back the shoul- 
ders, head, and neck are forced forward. In 
the lateral position with the shoulder on the 
mattress between the two under pillows and 
the head on the third or top pillow, this ar- 
rangement prevents lateral flexion or rotation 
of the cervical spine and thereby reduces 
compression of the plexus. In 4 of our 5 cases 
the bony deformity was such a definite cause 
of mechanical irritation that conservative 
measures did not appear to be worth a trial. 
Case 1 was referred to the orthopedic service, 
but postural exercises proved ineffective. A 
period of conservative treatment might have 
been worth a trial in Case 2, where a second 
attack of brachial neuralgia was subsiding 
spontaneously, but owing to the exigencies of 
a very active military hospital surgical ex- 
ploration of the rudimentary rib and scalene 
myotomy were preferred. Following this 
review of the literature and personal ex- 
perience with these cases, it is our opinion 
that an anomalous first thoracic rib is likely 
to produce more severe mechanical irritation 
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than is a cervical rib. This is because cervical 
ribs are so often more rudimentary structures, 
whereas anomalous first ribs are commonly 
longer and associated with greater deformi- 
ties of the thoracic outlet (70). Advocates of 
treating cervical ribs by scalenotomy, such as 
Adson and Coffey (2) and Patterson, agree 
that when the anomalous rib extends forward 
to compress the brachial plexus and sub- 
clavian vessels it should be resected. This is 
generally the case with malformations of the 
first rib. As already mentioned, Walshe and 
his colleagues have accounted for the frequent 
failure of scalenotomy in the relief of com- 
pressive symptoms on the basis of the mechan- 
ical role played by the clavicle. They have 
stated that “the clavicle probably plays a far 
more significant role in the production of 
pressure symptoms, in the presence of ab- 
normal ribs, than is commonly realized.”’ 
This is particularly true in vascular distur- 
bances, where the “‘clavicle and rib together 
constitute what we may call the vice in which 
the third part of the subclavian artery is re- 
currently gripped.”’ This may well account 
for intermittent postural compression of the 
artery, aneurysmal dilatation, and throm- 
bosis or embolism. Such a mechanism may 
well explain the primary reduction in blood 
flow through the brachial tree and the final 
thrombosis seen in our first case. Here we 
were unable to determine the compressive 
réle of the clavicle because we removed the 
bicipital rib through a posterior incision. 
In our fifth case, however, there was a definite 
vise-like compression of the plexus between 
the prominent jointed deformity of the first 
thoracic rib and the clavicle, which was re- 
leased by resecting this portion of the rib. 
Anterior scalenotomy alone was performed in 
our first two subjects, followed by only brief 
benefit in the first and lasting but not com- 
plete relief in the second, where the rib was 
unusually rudimentary. 

On the basis of our experience we plan in 
future cases to adopt the following policy. 
If the patient fails to obtain satisfactory 
relief from conservative orthopedic measures, 
exploration should first be performed through 
a supraclavicular incision. Maximum ex- 
posure of the rib can be obtained if the lateral 


end of the incision is curved upward a short 
distance along the anterior border of the 
trapezius. The descending branches of the 
third and fourth cervical nerves, which cross 
the incision, should be carefully preserved. 
The deep dissection should be extensive 
enough to permit a thorough examination of 
the brachial plexus with its accompanying 
blood vessels to the point where they cross 
over the rib in the subclavian groove. If the 
abnormal first rib is so rudimentary that it is 
hidden behind the middle scalene and can 
cause no mechanical irritation of the blood 
vessels and nerves, the procedure may be 
limited to division of the lower end of the 
anterior scalene muscle above its anomalous 
insertion into the second rib. Such a rudi- 
mentary first thoracic rib will rarely be found. 
In the more common deformities where the 
first rib articulates with or fuses with the 
second at the scalene tubercle, or continues 
forward as a prominent bony or ligamentous 
structure, the anterior scalene must be divided 
and the abnormal rib excised from a point 
beneath the clavicle back to its disappearance 
in the posterior muscles of the neck central to 
the insertion of the scalenus medius. Every 
effort must be made to leave no bony spur 
projecting from the superior surface of the 
second rib, as this is nearly certain to be a 
source of continued nerve irritation (Cases 
3 and 4). A residual posterior stump over a 
centimeter in length is also likely to result in 
further trouble. This resection is more 
difficult than removing a cervical rib, for the 
reason that the first rib is so much more 
deeply situated. It is therefore important 
that these operations should be carried out 
under intratracheal anesthesia and that care 
be taken to avoid perforation of the pleura, 
injury to anomalous blood vessels, or the 
thoracic duct (Barnes), or undue retraction of 
the brachial plexus. When the supraclav- 
icular operation has been properly performed, 
there should be no need for a second stage 
posterior removal of the central stump of the 
rib. This was necessary in our first patient 
because we had misjudged the need for re- 
section of the deformed rib when the anterior 
scalene was cut. In Cases 3 and 4 the amount 
of rib resected at other hospitals was totally 
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inadequate. We feel that after a previous 
incomplete removal of the upper rib from in 
front its remaining central stump can best be 
exposed and removed from behind through 
the incision described by White, Smithwick, 
Allen, and Mixter (74). Whenever the cause 
of mechanical irritation has been radically 
removed the results have been satisfactory. 


SUMMARY 


1. Although congenital anomalies of the 
first thoracic ribs are not extremely rare, 
their clinical manifestations are less well 
known than those produced by cervical ribs. 

2. First rib malformations generally con- 
sist of a rudimentary structure terminating in 
a synostosis or pseudarthrosis with the second 
rib near the scalene tubercle, or in a free end 
in the soft tissues at the base of the neck, 
which may be connected by a ligamentous 
band with the manubrium sterni. On very 
rare occasions the first rib may have a dis- 
tinct joint near its lateral angle before it fuses 
with the second. 

3. Other skeletal abnormalities are fre- 
quently present which cause further distortion 
of the thoracic outlet. They consist of de- 
formities of the second rib, the upper end of 
the sternum, scoliosis of the cerviccthoracic 
spine, and vertebral anomalies. 

4. Congenital malformations of first tho- 
racic ribs, as is true to a lesser extent of 
cervical ribs, are best explained by errors of 
bodily segmentation in early embryonic 
development. These are brought about by 
abnormal formation of the brachial plexus and 
blood vessels, which make their appearance 
before the bony skeleton. Examples of pos- 
terior fixation of the brachial plexus and ab- 
normalities in the arrangement of the arteries 
at the thoracic outlet were encountered in 2 of 
our cases. 

5. Symptoms and clinical evidence of 
abnormal first ribs consist of supraclavicular 
bony prominence, irritation or paralysis of the 
brachial plexus, and compression of the sub- 
clavian vessels as they cross the defective rib. 

6. Cervical arthritis, early carcinoma of the 
thoracic apex, and herniation of the lower 
cervical intervertebral discs must be con- 
sidered in the differential diagnosis of bra- 


chial neuralgia, even in the presence of an 
anomalous rib. Malformations of the first 
thoracic cannot be differentiated clinically 
from cervical ribs. They can be accurately 
diagnosed in an anteroposterior x-ray picture 
which includes all the cervical and uppermost 
thoracic vertebrae, provided the film is taken 
with a long exposure and the mandible in 
motion. Under these circumstances the out- 
line of the mandible will be blurred and the 
vertebra to which the uppermost rib is at- 
tached can be identified by counting down- 
ward from the base of the skull. Careful 
scrutiny should also be made to detect 
associated abnormalities of the second ribs and 
deformities of any of the other bony struc- 
tures of the thoracic apex. 

7. A considerable proportion of first rib 
deformities are large enough to cause direct 
mechanical compression of the nerves and 
vessels at the thoracic outlet. When symp- 
toms are attributable to this condition, 
conservative orthopedic measures should be 
tried before surgical intervention. Scaleno- 
tomy alone rarely suffices to decompress 
these structures, but must usually be accom- 
panied by radical resection of the rib from a 
point close to its articulation with the trans- 
verse process forward to its attachment to the 
second rib or where it disappears beneath the 
clavicle. In cases in which an incomplete re- 
moval has been performed through the an- 
terior supraclavicular approach, the central 
end of the rib may still cause irritation of the 
plexus. Resection of such a stump is then 
best accomplished through the posterior 
approach. 

8. Our series of malformations of the first 
thoracic rib now comprises 10 cases. Five of 
these, which required surgical intervention 
for relief of symptoms, are described in detail. 
We have also reproduced the films from 3 of 
5 other asymptomatic cases discovered in the 
course of radiological examinations for other 
conditions. 
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GALVANIC TETANUS AND GALVANIC TETANUS RATIO IN 


ELECTRODIAGNOSIS OF PERIPHERAL NERVE LESIONS 


LEWIS J. POLLOCK, M.D., JAMES G. GOLSETH, M.D., and ALEX J. ARIEFF, M.D., 
Chicago, Illinois 


LTHOUGH under ordinary circumstanc- 
es contractions of a muscle occur only 
upon the closing or opening of a cir- 
cuit, conveying direct current, the 

passage of a strong current may result in 
changes leading to prolonged excitation pro- 
ducing persistent contraction of a muscle or a 
tetanus. Physiologists have been familiar 
with this fact from the time of the very early 
studies in electrophysiology. When the tet- 
anus occurred as the result of a very strong 
closing stimulus it was known as Pflueger’s tet- 
anus. When it resulted upon opening of the 
circuit following the passage of a strong cur- 
rent, it was known as Ritter’s tetanus. The 
state resulting in this tetanus was called “gal- 
vanotonus” by such older writers as Bezold, 
Hering, Remak, and others. 

One of the characteristic changes which was 
included by Erb in his description of the degen- 
eration reaction was that of the mode of con- 
traction of a denervated muscle. Of this he 
said, ‘Instead of the normal, short, lightning- 
like contraction, a slow, long drawn contrac- 
tion occurs, which passes into continous tet- 
anus, lasting during the entire duration of the 
current with relatively feeble current.” It is 
unfortunate that he, as well as many others 
following him, included this tetanus along 
with the other changes in the mode of contrac- 
tion of denervated muscle. Other changes 
than tetanus occur in the mode of contraction 
and relaxation of denervated muscle, and the 
inclusion of tetanus with them has resulted in 
the failure of many to recognize the impor- 
tance of tetanus itself as an indicator of the 
state of a muscle. 

The onset of a slow contraction to galvanic 
stimulation follows section of a nerve at vary- 
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ing times. According to Erb, this occurs at 
about 2 weeks. Others, however, have de- 
scribed it as occurring at later periods of time. 
Mendelssohn (7), studying these changes 
graphically, showed that in the first week 
when faradic and galvanic irritability of the 
nerve are diminished, one observes a lengthen- 
ing of the latent period, the amplitude is 
diminished, but the form of the curve is un- 
changed. Through the second stage, in which 
irritability of a muscle and nerve to faradic 
stimulation has disappeared but the muscle 
has an increased irritability to galvanic stimu- 
lus, the amplitude of the contraction is in- 
creased and the form of the contraction 
changed so that the contraction is as rapid as 
normal, but the relaxation is slowerand length- 
ened. A plateau appears between the height 
of the contraction and the beginning of relax- 
ation. In the third stage, both contractions 
and relaxations are slow and a true worm-like 
contraction is seen. Roberts interpreted the 
relaxation as an evidence of “galvanotonus.” 
When a slow relaxation is seen to occur follow- 
ing weak stimulation and the current is then 
increased, the slower contraction becomes fur- 
ther developed until it forms a tonic contrac- 
tion which persists throughout the passage of 
the current. 

The production of sustained tetanus through- 
out the time of passage of a direct current was 
seen to occur in myotonia congenita and myo- 
tonia atrophica; at first it was in the diagnosis 
of these diseases that this so called “myotonic 
reaction” was held to be a useful sign. 

However, during the time that the results of 
peripheral nerve lesions were studied during 
World War I, many authors called attention 
to the occurrence of such tetanus when the 
muscle was denervated. In the chapter on 
electrodiagnosis written by Grunspan in Ben- 
isty’s Clinical Forms of Nerve Lesions, he calls 
attention to the work of Huet and Bourgui- 
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non, Laquerriere and Delherm, Delherm and 
Grunspan, all of whom concluded that the 
‘myotonic reaction” should be incorporated 
in the reaction of degeneration. Altenburger 
likewise adds this sign which he designates as 
“galvanotonus” to the others characterizing 
the reaction of degeneration. Bourguinon (2), 
calls the phenomenon “galvanic tetanization.” 

More important than the observation that 
tetanus could be observed throughout the 
time of the passage of a galvanic current when 
a muscle was denervated was the study of the 
ratio between the amount of current necessary 
to produce tetanus and that necessary for 
liminal stimulus upon closing a circuit con- 
veying galvanic current or rheobase; this ratio 
was called “contraction coefficient” by Wer- 
theim Salmonson, “polarization coefficient” 
by others. Zanietowski found that for normal 
human muscle the coefficient was 4.0 or 4.5 to 
1, and in severe degeneration, 1.5 to 1.2 to 1. 
When with others (10) we studied the respon- 
ses of normal, denervated, and regenerating 
muscle to stimuli by progressive currents of 
long duration, we found that the resulting con- 
traction of the muscle was tetanic in nature. 
It occurred to us that the long continued and 
increasing current resulted in the same pro- 
longed excitation as occurred when a strong 
current was suddenly passed through muscle 
and resulted in a tetanus which then lasted 
throughout the period of time of passage of the 
current. This thought was further strength- 
ened when in subsequent work upon the ratio 
between the threshold current necessary to 
produce contraction by stimuli with progres- 
sive currents and the rheobase, we (9) found 
that this ratio approached unity when a mus- 
cle was denervated, just as is the case in so 
called “contraction coefficient.” The concep- 
tion that stimulation by progressive currents 
of long duration results in the same prolonged 
excitation producing tetanus in the muscle, as 
is the case when the muscle is stimulated by 
strong continuous current, is of utmost impor- 
tance in relation to electrodiagnosis. If this is 
true, as will appear from our work, then by 
means already available in commercial circuits 
delivering galvanic current, the tetanus ratio 
may be measured. Because of imperfection 
in opening and closing the circuit by means 


of switches which produce chattering, the 
examination may not be as precise as when 
one uses a square wave impulse generator. 
Nevertheless, very accurate indications for the 
diagnosis of denervation or regeneration are 
obtainable. This would obviate the necessity 
of constructing the complicated apparatus for 
stimulation by progressive currents of long 
duration. Until square wave impulse generators 
become available,this method may be used to 
replace the examinations ordinarily employed 
for the detection of reaction of degeneration. 

We propose to illustrate the results of our 
experiments upon galvanic tetanus and tet- 
anus ratio in cats upon which primary suture 
of the sciatic nerves had been performed. We 
shall describe the characteristics of the changes 
in galvanic tetanus and tetanus ratio during 
degeneration, denervation, and regeneration. 

Finally, we shall illustrate the usefulness of 
the method by describing the results of exam- 
ination of the muscles of men suffering from 
peripheral nerve lesions. 


METHOD AND RESULTS 


Although as stated, galvanic tetanusand tet- 
anus ratio may be measured by the use of 
available commercial circuits, there are a num- 
ber of objections to their use. First, they can- 
not be accurately timed; second, the contacts 
are not always certain in operation; third, 
changes in tissue impedance and the presence 
of capacitive or inductive reactance preclude 
the possibility of obtaining true square waves 
(truly constant current impulses); and fourth, 
it is not possible to measure accurately the 
magnitude of the flow of current. 

By the use of various types of vacuum tubes 
in circuits, it is possible to maintain a constant 
flow of current regardless of the variations of 
voltage across the tissue; or to put it differ- 
ently, there can be provided a current of rec- 
tangular wave shape irrespective of the nature 
of the electrical impedance of the tissue to 
which the current is applied. 

For this study (5) an apparatus was devised 
which in principle is similar to the one described 
by Conrad, Haggard, and Teare but which dif- 
fers in that it is entirely operated by alternat- 
ing current. It has the further advantage of 
permitting us to reproduce the wave form ir- 
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Fig. 1. Oscillogram of square wave of 0.5 millisecond’s 
duration. 


respective of the time interval between stimuli. 
With this apparatus, we are able to obtain an 
impulse of rectangular wave shape lasting for 
as short an interval as 30 microseconds, or as 
long as desired (Fig.1). Thirty-three different 
time intervals, selected to conform to a log- 
arithmic scale,* were made available. They 
ranged from periods as long as 2 seconds to 
one as short as 30 microseconds. The duration 
of the impulse, when measurement of galvanic 
tetanus was desired, was 2 seconds. 

The material consisted of.5 cats in which 
section and immediate suture of the sciatic 
nerve were performed, and 6 animals in which, 
after a long segment of the sciatic nerve was 
removed, the proximal stump was injected 
with alcohol to discourage regeneration. In ad- 
dition, many other animals used for other ex- 
periments were examined by this method. 

The rheobase was determined by finding the 
threshold value of current when the impulse 
lasted one second. Then threshold values of 
current for the production of tetanus were 
found when an impulse lasting two seconds 
was used. By shunting the specimen out of 
the circuit it was possible to observe the am- 
perage in a suitable milliammeter. As much 
time as was necessary was used and painful 
unbearable stimuli and severe polarization 
changes were avoided. 

To obtain comparable results it is necessary 
to examine each muscle by stimulation with 
an impulse of the same duration. The choice 


of the impulse lasting 2 seconds was made be- 
cause during denervation the contraction of 
the muscle is slow and impulses of shorter 
duration produce contraction, the plateau of 
which lasts too short a time for accurate visual 
observation. The criterion of tetanus was a 
plateau representing continued contraction 
throughout the time of the impulse with very 
little relaxation—in other words, a tetanus 
for the duration of the impulse. 


RESULTS 


In the examination for galvanic tetanus one 
obtains two sets of data. The first is the rheo- 
base or threshold current for instantaneous 
stimulus of infinite duration using both anodal 
and cathodal closing stimuli; second, the 
threshold amperage at which tetanus is pro- 
duced and sustained for the duration of the 
stimulating impulse, both for anodal and cath- 
odal stimuli. From these procedures one ob- 
tains the tetanus ratio by dividing the rheo- 
basic current into the threshold current for 
tetanus. The data obtained may be interpreted 
from standpoint of changes in rheobase, in 
threshold current for tetanus and tetanus 
ratio. 

THE RHEOBASE 

The liminal current necessary for effective 
cathodal closing stimulus in the normal muscle 
of the cat ranges from 0.45 to 1 milliampere. 

A small initial rise in rheobase occurred at 
varying days, usually from 6 to 14, after sec- 
tion and suture of a nerve, and continued for a 
short time, usually a few days. After 2 weeks 
or little more, the threshold for stimulus di- 
minished and the muscle appeared hyperirri- 
table to direct current stimuli of infinite 
duration. After the third week the median 
value of liminal current necessary for effective 
stimulus of gastrocnemius or tibialis anticus is 
well below the normal rheobase value and is 
close to 0.2 milliampere. Although below the 
normal rheobase value, unipolar stimulation 
required more amperage for adequate stimu- 
lus. Thus, regardless of polarity, the liminal 
current necessary to stimulate muscle after 
the third week is significantly less than the 
normal rheobase. 

Following this initial period the muscle be- 
comes completely denervated. Throughout 
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this time the liminal current necessary for ad- 
equate stimulus is very small; for bipolar 
stimulation it may be as lowas 0.1 milliampere, 
and for unipolar stimulation, as low as 0.3 mil- 
liampere. When, after section, regeneration 
was discouraged by injecting the severed ends 
of a nerve with absolute alcohol, this hyperir- 
ritable state continued for 346 days, and the 
rheobase was 0.2 milliampere for cathodal 
and also o.2 milliampere for anodal closing 
stimulus. Thus it may be said that the ratio 
between the threshold milliamperage for ano- 
dal and cathodal closing stimuli is at unity. 

Forty or 50 days after primary suture there 
is a gradual, more often a sudden, increase in 
the effective current, and after the 6oth day 
the current may have doubled or trebled its 
previous value. Unipolar stimulation accen- 
tuatesthischange. Between the 4othand soth 
day the average liminal median current in an- 
other series of animals was 1.8 milliamperes; 
at the s5oth to 6oth day, it suddenly rose to 4 
milliamperes. After this day, in many instan- 
ces, contraction did not occur even at 5 milli- 
amperes. Higher values of current result in so 
much spread to adjacent muscles as to make 
the examination equivocal. 

Soon after or at a time coincident with the 
sudden increase of liminal amperage, clinical 
signs of recovery may be found. The liminal 
amperage remains high long after recovery of 
motion and sensation. It begins to diminish 
significantly at 120 days but still remains 
higher than normal rheobase after 240 days. 

We have confirmed in man the changes 
here described in the cat. The normal rheobase 
in man varies as to the muscle examined; for 
flexor sublimis digitorum it is about 1.2 milli- 
amperes; for the tibialis anticus, 6 milliamperes. 

During a state of denervation the order of 
liminal amperage is about one-half of the nor- 
mal rheobase. As neurotization occurs and 
recovery progresses the necessary amperage 
may rise from 11 to 40 milliamperes or more 
(Fig. 2). 


CHANGES IN THRESHOLD AMPERAGE 
AND IN TETANUS RATIO 


During the early part of degeneration after 
severe injury to a nerve and during a long pe- 
riod of time during regeneration after denerva- 
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Fig. 2. Average milliamperages necessary to produce an 
adequate stimulus by unipolar anodal stimulation, or rheo- 
base, at various days after primary suture. 
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tion, changes in the threshold for galvanic 
tetanus resemble those for denervation. In 
each there is a rise, more marked during 
the state of regeneration. During the state 
of denervation the threshold is at its minimum. 

After section of a nerve the threshold am- 
perage for galvanic tetanus rises. Then 
shortly thereafter, at 6 days, it rises consider- 
ably; at a later period, after 14 days, it rises to 
a lesser degree. The peak of this rise is found 
to occur at from the 6th to the 28th day, after 
which it begins to diminish from the 21st to 
the 35th day, until the state of denervation is 
reached. The average threshold amperage for 
tetanus at its peak is 3.9 milliamperes for cath- 
odal closing stimulus with a range of from 1.4 
to 5 milliamperes—an average of 5.82 milli- 
amperes for anodal closing stimulus with a 
range of from 3 to 10 milliamperes. 

During the state of denervation the thresh- 
old amperage is at its lowest, reaching this 
point at an average of 42 days, with a range of 
from 37 to 49 days, and the polar ratio ap- 
proaches unity. 

At the peak of regeneration the average 
threshold amperage is over 14.8 milliamperes 
for cathodal closing stimulus with a range of 
from 2 to 27 milliamperes; and over 13.7 mil- 
liamperes for anodal closing stimulus with a 
range‘of from 3.8 to 27 milliamperes. 

The threshold amperage begins to rise from 
its minimal value during the state of denerva- 
tion, at from 47 to 55 days after suture, and 
reaches its peak in from 52 to 60 days (Fig. 3). 


THE CHANGES IN TETANUS RATIO 


As is the case with threshold amperage, so 
with tetanus ratio, the changes during some 
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Fig. 3. Changes in threshold milliamperage for galvanic 
tetanus at various days after primary suture. 


part of degeneration and throughout regenera- 
tion are similar and consist of a much greater 
rise in the ratio during the period of regenera- 
tion. During denervation the ratio is at its 
minimum, often at unity, both in the case of 
anodal and cathodal closing stimuli. 

Beginning at the same time after suture as 
rise in threshold and reaching its peak at the 
same time, the average tetanus ratio during 
the process of degeneration is 8.72 for catho- 
dal closing stimulus with a range of from 3 to 
18, and 9.6 for anodal closing stimulus with a 
range of from 5 to 15s. 

During denervation the ratio is at its lowest, 
often reaching unity. The average ratio for cath- 
odal closing stimulus is 1.56, with a range of 
from 1 to 2.3; and for anodal closing stimulus 
1.28 with a range of from 1 to 1.8. There is no 
doubt in our minds that at some time during 
denervation unity is reached in every case, 
both for anodal and cathodal closing stimuli. 
This indeed was true of all animals which 
were denervated, and the unity persisted for 
over 300 days. After a suture, when regenera- 
tion is proceeding, the exact time at which 
complete denervation may be present for a 
few days before neurotization occurs, may not 
coincide with the time an electrical examina- 
tion is made. 

During the regeneration, the peak of the av- 
erage of the tetanus ratio was over 15.2 in the 
case of cathodal closing stimuli, and over 13 
for anodal closing stimuli. Because at the 
same time the rheobase was elevated, it was 
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Fig. 4. Changes in galvanic tetanus ratio at various days 
after primary suture. 


a 


often impossible to obtain tetanus with 
amounts of current which the animal would 
tolerate without tumultuous struggling. The 
range of the average of the peak of tetanus ra- 
tio was from 3 to over 40 in the case of cath- 
odal closing stimulus and 4 to over 40 in the 
case of anodal closing stimulus (Fig. 4). 

During the period of degeneration there is 
an initial rise in the rheobase, threshold am- 
perage for tetanus, and tetanus ratio. The 
rise in rheobase is small, that of the threshold 
amperage for tetanus is usually moderate, 
and there is a large increase in tetanus ratio. 
These increases are followed by a fall in all un- 
til the state of denervation occurs, and then 
the rheobase is at its minimum, as is the thresh- 
old amperage for tetanus. The tetanus ratio 
approaches unity and finally, if regeneration 
is not too rapid, reaches it both in the case of 
anodal and cathodal stimuli. With the onset 
of regeneration there is a larger rise in rheo- 
base, in threshold amperage for tetanus and a 
very large, frequently indeterminable, rise in 
tetanus ratio. 

The changes in threshold amperage for tet- 
anus and of tetanus ratio are the same as the 
changes of threshold amperage for contraction 
with progressive currents and of ratio of con- 
traction with progressive currents. In the 
present experiment we have examined the 
animals both by progressive currents of long 
duration and for galvanic tetanus. The 
changes revealed by these two methods of 
examination were compared and found to be 
similar. These results may be quickly visua- 
lized in Table I. They may also be seen in a 
graph showing the changes in response to 
progressive current contraction and rheobase, 
compared to another graph showing the 
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TABLE I.—-RESULTS OF EXAMINATIONS 


Progressive current and 
ratio for progressive 
current 


Tetanus and 
tetanus ratio 


State of 
muscle 





in threshold 
Initial rise in 


Initial rise 
amperage. 
ratio 


Initial rise in threshold 
amperage. Initial rise in 
ratio 


Degeneration 





Minimal threshold amper- 
age for tetanus, approach 
to, or unity of ratio 


Denervation | Minimal threshold amper- 
age, approach to unity or 


at unity of ratio 





| Marked rise in threshold 
amperage. Marked rise 
in ratio 


Marked rise in threshold 
amperage, marked rise 
in ratio 


Regeneration 





changes in the threshold current for galvanic 
tetanus and tetanus ratio at varying days 
after primary suture (Fig. 5). 

In a number of peripheral nerve injuries in 
man we have confirmed the approach to unity 
of the tetanus ratio during denervation and its 
marked rise during regeneration. Moreover, 
in these cases the data derived from examina- 
tion with stimuli by progressive currents of 
long duration parallel the changes in tetanus 
and tetanus ratio. 


INTERPRETATION 


In the interpretation of the data obtained 
from examination for galvanic tetanus, the 
time which has elapsed from the date of in- 
jury or operation is of considerable impor- 
tance. When sufficient time has elapsed for 
complete denervation to have occurred and 
upon examination one finds a high threshold 
amperage for tetanus, a high tetanus ratio, 
and a high rheobase, the nerve is spontane- 
ously recovering. 

When a sufficiently long period of time has 
elapsed after suture for regeneration to have 
occurred the nerve is not regenerating if the 
rheobase is minimal, the threshold for galvanic 
tetanus minimal, and the tetanus ratio ap- 
proachesor is at unity. This conclusion applies 
for both anodal and cathodal stimuli. The 
same conclusion may be reached when these 
data are obtained at a time when regeneration 
should be expected, when a lesion of a nerve is 
thought to be spontaneously recoverable. 

DISCUSSION 

We have called attention to the importance 

of studying galvanic tetanus resulting from 


the passage of a strong galvanic current 
through a muscle apart from other changes in 
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Fig. 5. Changes in threshold to stimulation by progressive 
current and progressive current ratio. a, above, Compared 
with changes in threshold for tetanus and galvanic tetanus 
ratio. b, At various days after primary suture of the scia- 
tic nerve of a cat. 


the character of the contraction of a muscle. 
Tetanus results when a galvanic current con- 
veying stronger current than that necessary 
for liminal stimulus is used. It has been vari- 
ously called “myotonic reaction,” ‘‘galvano- 
tonus,” and “galvanic tetanization.”’ Since it 
results from galvanic stimulation we propose 
it be called ‘‘galvanic tetanus.”’ As the ab- 
solute value of the threshold amperage for tet- 
anus may be quite high when the rheobase is 
high because of changes in the tissues such as 
edema, etc., it is valuable to estimate the ratio 
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between the threshold amperage for tetanus 
and the rheobase. This ratio has been vari- 
ously called “polarization coefficient” and 
“contraction coefficient.” Since it is the ratio 
between the threshold amperage of galvanic 
current for tetanus and the rheobase, we pro- 
pose it be called the “galvanic tetanus ratio.”’ 

Since the contractions resulting from stim- 
uli by progressive currents of long duration 
are tetanic and since, as is the case with gal- 
vanic tetanus ratio, the ratio of the threshold 
amperage for contraction from stimuli by pro- 
gressive currents approaches or is at unity 
during denervation, it is our opinion that pro- 
gressive currents resulted in the same pro- 
longed excitation as occurred when a strong 
current was suddenly passed through muscle 
resulting in tetanus. 

In the present work, comparison of the 
changes in threshold amperage for tetanus and 
threshold amperage for contraction with pro- 
gressive current stimuli showed that they 
were the same at varying periods after pri- 
mary suture. The changes in tetanus ratio 
were also paralleled by the changes in the ratio 
for progressive current contraction. 

From the data obtained by either type of 
examination, similar conclusions can be 
reached as to the state of a muscle, whether 
degenerating, denervated, or regenerating. 

The importance of this conclusion rests in 
the fact that galvanic tetanus can be measured 
although not with scientific nicety, by com- 
mercial apparatus which is available. Until 
such time as true square wave impulse genera- 
tors are available, such apparatus may be used. 

We have previously shown that examina- 
tion by progressive currents of long duration 
result in data which, when interpreted, give 
accurate indication of denervation and regen- 
eration. Since examination for galvanic tet- 
anus gives the same results, the cumbersome 
apparatus necessary for producing currents of 
long duration is no longer needed. 

The characteristics of a denervated muscle 
have been shown to be a minimal threshold 
amperage for galvanic tetanus, a unity of the 
polar ratio and a tetanus ratio approaching or 


at unity, both for anodal and cathodal stimuli; 
those of regenerating muscle are a high thresh- 
old amperage for tetanus and a very high, 
often unobtainable, tetanus ratio. When suf- 
ficient time has elapsed after injury or opera- 
tion for denervation to have developed and a 
high threshold amperage for tetanus and a 
high tetanus ratio are found, the nerve is re- 
generating. On the other hand, when suffi- 
cient time has elapsed for recovery and a low 
threshold amperage for tetanus is present and 
the tetanus ratio approaches or is at unity, 
operative treatment is indicated. 
CONCLUSIONS 

1. A moderately high threshold for galvanic 
tetanus and a high tetanus ratio characterize a 
degenerating nerve-muscle complex. 

2. A minimal threshold for galvanic tet- 
anus and a tetanus ratio approaching or at 
unity, both for anodal and cathodal stimuli, 
are characteristic of denervated muscle. 

3. A high threshold for galvanic tetanus 
and a very high tetanus ratio are characteris- 
tic of a regenerating nerve-muscle complex. 

4. These characteristics found in experi- 
mental studies in the cat have been confirmed 
by us in man. 
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JUXTACERVICOVESICAL FISTULA 


MARION DOUGLASS, A.B., M.D., F.A.C.S., Cleveland, Ohio 


ORTUNATELY for suffering woman- 

hood, the skill of the obstetrician, gyne- 

cologist , and radiologist has so increased 

that the surgery of unusual vesical fis- 
tulas has been relegated almost to the limbo 
of the lost arts through the very lack of oppor- 
tunity of its practice (except for the occasional 
gynecologic surgeon who fortuitously has 
acquired a wide experience in the handling of 
these cases, through being associated with a 
large clinic and having an especial taste for 
urological lesions). The exposition of the 
method of cure of the occasional bizarre case 
would seem to be justified in order that one so 
confronted, may have the benefit of employ- 
ing what might be regarded as a procedure 
which has been standardized at least by the 
experience of a surgeon who previously has 
encountered one or more similar unusual ana- 
tomical lesions. 

Juxtacervicovesical fistula exemplifies such a 
rare condition among vesicovaginal fistulas that 
the spectacle of complete urinary evacuation 
via the cervical canal is apt to be disconcerting 
at first glance to one not well accustomed to 
the handling of the problems of urinary in- 
continence. 

The mode of procedure is rather simple—as 
are other methods of definite proved value in 
surgery, and the cardinal principles of the 
mechanics of fistula repair indelibly identified 
with Marion Sims, ie., adequate exposure, 
closure by suture and catheter drainage, are 
now as in his time —a sine gua non in obtain- 
ing a cure especially at one stage. 

The distinguishing feature of the juxtacer- 
vical or vesicocervical fistula is the occurrence 
of a fistulous tract from the bladder to the va- 
gina traversing the cervicouterine junction or 
being immediately adjacent to it (Figs. 1 and 
2). A few generalizations may be made con- 
cerning the surgical attack upon vesicovaginal 
fistulas as a whole. The vaginal approach is, 
without question, best from every point of view 


From the Department of Obstetrics and Gynecology, Western 
Reserve University School of Medicine and the Lakeside Hospital. 


if adapted to the anatomical situation, but in 
individual cases, exposure may be difficult 
even with a deep Schuchardt incision. Trans- 
vesical approach as advocated by Young has 
a definite place in the armamentarium of one 
dealing with these problems and renders rela- 
tively easy the successful outcome in cases 
difficult by the classical vaginal approach and 
has been employed successfully by the author 
in a small series of one stage closures of dif- 
ficult cases, and is particularly well adapted 
after panhysterectomy (8). The objection of 
failure of closure of the suprapubic drainage 
(Counseller, 4) and the scepticism of other 
authorities (Curtis) do not seem to be justified 
in condemning this method categorically. 
Suprapubic drainage with the patient in the 
prone position on a Bradford type of frame, 
if necessary, is quite well tolerated by a patient 
invariably eager for a cure of her ailment. 
The prone position is advantageous even with- 
out suprapubic drainage. In our hands, supra- 
pubic cystostomies have closed at once upon 
cessation of tube drainage and contraction of 
the bladder was not a noteworthy conse- 
quence. It should also be borne in mind that 
suprapubic drainage and the prone position 
practically foreordain a successful result with 
the healing of the fistula at one attempt and 
should be considered as essential in dubious 
cases. 

The suggestion of Heaney of insertion of a 
radium needle of 12.5 milligrams and giving a 
maximum, of 250 milligram hours into very 
small fistulous tracts is interesting, and grant- 
ed the dosage were correct for the given cali- 
ber of the fistula, the rationale seems perfect 
in view of the complete constricting fibrous 
reaction of radiation. 

Babcock in vesicovaginal fistulas in general 
stresses the proximity of the ureter if fistulas 
are high, almost invariably true in cervicova- 
ginal fistulas. 

Graves recommended closure by bladder 
mobilization and, in cases of high fistula, of us- 
ing the abdominal route. 
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Fig. 1. Site of fistulous opening and diagrammatic view 
of course of tract to bladder. 


The currently recommended technique, via 
the vaginal route (Graves, Crossen, et al.), rec- 
ommends only sufficient mobilization to 
visualize and close the outer portion of the cer- 
vical tract and to curette the inner portion to 
hasten healing by granulation. Inherent, 
however, in this very approach itself is the de- 
fect lying in the danger of recurrence by two 
possible routes, either by the reopening of the 
old cervicovesical tract or a new vesicovaginal 
fistula at the vaginal suture line. This, how- 
ever, may be obviated successfully by wider 
mobilization of the bladder and separation of 
the ends of the divided tract, i.e., staggering 
the ends of the divided tract and interpolation 
of a barrier (Fig. 3a) making primary closure 
almost certain, a result most devoutly to be 
hoped for, as anyone familiar with the difficul- 
ties of finding cleavage planes in scarred fistu- 
las previously operated upon is well aware. 

In the consideration of cervicovesical fistula, 
a number of points are worthy of note. Ex- 


tensive mobilization of the bladder, transect- 
ing a large scarred fistulous tract may enlarge 
the vesical defect to an almost alarming extent, 
but a freely movable, well mobilized bladder 
with the defect having well trimmed edges, in- 
suring viable tissue with a good blood supply, 
is almost certain to heal, and several layers of 
sutures may be.superimposed, provided the 
operator has the forethought to mobilize the 
organ sufficiently. We have closed successfully 
in a single attempt (7), several large fistulas 
(2 cm.) by taking advantage of extended mo- 
bilization as in the advancement operation for 
cystocele insuring that no tension at all was 
necessary, with due care, no serious diminu- 
tion of bladder capacity need result. 

The anatomy of the tubular tract, from 
bladder through the cervix to the cervical canal 
just inside the external os, may be interestingly 
visualized by cystogram and a probe passed 
through the fistula via a Kelly cystoscope and 
located in the cervical canal may clarify the 
relations. The ureters should, of course, be 
visualized and their relationship to the locus 
of the fistula ascertained as in all procedures 
for fistula repair. 

In the presence of a uterus without serious 
lesion, hysterectomy should certainly not be 
performed gratuitously inasmuch as the uterus 
may be employed as an impervious wall-like 
structure, by its stability actually contribut- 
ing to the healing of the vesical defect, espec- 
ially if the mobilized site of the repaired fistu- 
lous opening in the bladder is placed properly. 
Any additional regional surgical trauma should 
be avoided if possible, i.e., that resulting from 
hysterectomy, cervical repair, or amputation. 


CASE REPORTS 


The patient, a white female, aged 50 years, entered 
the Lakeside Hospital complaining of urinary leakage, 
following the birth of her tenth child, 6 years preced- 
ing. The bladderseemed to empty almost completely 
when she was on her feet. She was able to retain a 
smallamountof urine whenshe wasinbed,butotherwise 
it would pass from her vagina freely. At the time of 
her delivery, she had four small postpartum hemor- 
rhages but she does not believe that there was any 
repair work done at the time. In the last year, she 
has had transient intermittent pain in the right lower 
quadrant but no severe attacks of pain. Patient has 
twelve children, ten living and well; no miscarriages, 
no instrumental deliveries, and no postpartum infec- 
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tions. Patient was now in menopause, periods irreg- 
ular in interval as well as in length of flow. 

Patient was a well developed obese white woman 
fifty years of age. Physical examination exclusive of 
the pelvis, was nonessential. Pelvic examination re- 
vealed a markedly relaxed outlet with fistulous tract 
opening in the cervical canal. This opening, however, 
did not communicate directly within the cervical 
canal. It appeared just at the inner margin of a very 
dilated multiparous external os at the right of the 
canal. The uterus was deviated to the right side with 
moderate fixation, and seemed enlarged suggesting 
the possibility of a small intramural myoma. No ad- 
nexal masses were present. The urine, blood, and 
blood chemistry were negative. 

Operative technique. On examination, the outlet 
was markedly relaxed and the urine was demon- 
strated running from the vagina. Previous cysto- 
scopy under procaine revealed a vesical defect in the 
midline. This defect was very small and was just 
posterior to the interureteric ridge. Blood was seen 
passing from the fistula into the bladder at the time 
of cystoscopy. The patient was then menstruating. 
A probe passed through the fistulous tract was demon- 
strated at the cervical os. The uterus was deviated 
to the right, was fixed, and seemed enlarged but no 
discrete myomas were made out under anesthesia. 
With considerable difficulty the mucosa was elevated 
through an inverted T incision, and the bladder ad- 
vanced, it being necessary to exercise caution owing 
to the fact that the anterior cervical lip was badly 
lacerated and very short. The catheter which had 
been placed in the fistulous tract was identified and 
the fistulous tract was transected. The bladder was 
then further mobilized. The defect in the bladder 
was approximately as large as a five cent piece. This 
was closed with three superimposed semipurse string 
sutures of chromic catgut No oo. The whole arrange- 
ment was then inverted with a single purse string. 
The site of the fistula was now displaced by means 
of a large mattress suture high and to the right, the 
fistula being displaced approximately one and one- 
half inches, being sutured under the edge of the pubo- 
cervical fascia which had been developed in the course 
of the denudation as in the operation for cystocele 
with advancement of the bladder (Fig. 3a). The 
fascia and mucosa were sutured to the anterior sur- 
face of the uterus by a large mattress stitch, thus 
creating a bulkhead between the separate ends of the 
fistulous tract, staggering the ends of the divided 
tract and interpolation of the barrier, first suggested 
by Cullen, Ps ~— has been emphasized by the author 
elsewhere The operation was completed by clos- 
ing the at end of the fistula with a purse string 
of catgut suture. The incision was closed, suturing 
the mucosa and fascia together with interrupted 


chromic catgut sutures. A retention catheter was 
placed in the bladder. 

The patient withstood the operative procedure 
well. She was placed on her abdomen for 12 days of 
catheter drainage. Maximum temperature was 38.5 
degrees the first 3 postoperative days. She was dis- 
charged in good condition on her eighteenth postop- 
erative day, able to void with no urinary leakage. 
This patient has had permanent cure. 


SUMMARY 


The successful closure was obtained here by 
wide and free mobilization of the bladder as a 
preliminary step—really an open sesame to the 
cure of vesical fistula anywhere permitting as 
it does suture without tension which almost pre- 
supposes and guarantees proper healing, dis- 
placement of the vesical lesion laterally and 
cephalad under the pubocervical facial edge 
(Fig. 3a), a distance of 3 to 4 centimeters and 
interpolation of a fascial bulkhead between 
the two fistulous orifices separately closed. 

It seems advisable to emphasize in compli- 
cated fistulas the maintenance, for 12 days 
postoperatively, of the prone abdominal posi- 
tion of the patient coupled with catheter drain- 
age. Contrary to the expressed opinion of 
some observers, this position is extremely well 
tolerated by the patient and offers a great in- 
crease in the certainty of one stage closures. 
This position has been advocated by Clute and 
Young, and by this clinic in a previously re- 
ported series of 4 transvesical closures of inac- 
cessible vesicovaginal fistulas, all following 
panhysterectomy and all closed successfully 
at one operation by the transvesical route. 
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INTESTINAL INTUBATION IN BOWEL OBSTRUCTION 


Technique with a New Single Lumen Mercury Weighted Tube 


FRANKLIN I. HARRIS, M.D., F.A.C S., San Francisco, California 


HE history of intestinal intubation and 

its indications and contraindications in 

the treatment of bowel obstruction have 

been so well described (2) that it is not 
the author’s intention in the present communica- 
tion to dwell at length upon this aspect of the sub- 
ject. Emphasis is placed rather on methods of im- 
proving the technique of intubation, based upon 
personal experience with 36 cases of small bowel 
obstruction in which intubation was used either as 
the only form of treatment or as preoperative or 
postoperative therapy. 

Wangensteen and Dearing have classified in- 
testinal obstructions into clinical groups, showing 
which are suitable to treatment by (1) intubation 
alone: paralytic or adynamic ileus, e.g., post- 
operative or occasionally adhesive bands; (2) pre- 
operative intubation and operation: various types of 
mechanical obstruction in early stages; (3) early 
operation and postoperative intubation: strangulat- 
ing obstruction, e.g., mesenteric thrombosis, 
hernia, volvulus and intussusception. 

A priori, no surgeon advocates the use of intu- 
bation in the treatment of the so called strangula- 
tion type of bowel obstruction. Such cases de- 
mand early or immediate surgery, and likewise 
nearly always demand postoperative intubation 
therapy because of the subsequent paralytic type 
of ileus or partial obstruction which occurs due to 
newly formed adhesive bands. In a future report 
it is hoped to publish detailed case histories from 
the present series, illustrative of the uses of intu- 
bation in the treatment of the various types of ob- 
struction. 

Modifications of the original method of Miller 
and Abbott have been described in an attempt to 
pass the tip of the tube rapidly through the pylo- 
rus and into the obstructed small bowel. Thus, 
W. Osler Abbott recently used a wire stylet. 
Lieutenant Henry Mayer described an ingenious 
electromagnetic tip to be placed on the Miller-Ab- 
bott tube so that, with the use of a magnet ap- 
plied firmly against the patient’s flank, the tip 
could be drawn through the pylorus under direct 
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fluoroscopy. H. B. Morton suggested the use of a 
special tip weighted with lead shots to be added to 
the Miller-Abbott tube. In this respect, he is also 
using the principle of gravity or a heavier weight 
in an attempt to carry the tube through the pylo- 
rus. I have had no personal experience with any 
of these methods. They all indicate the difficulty 
of passing an intestinal tube into the small bowel 
by previously described methods. 

In a report published after experience with 19 
consecutive cases in which successful intubation 
was carried out by means of a mercury weighted 
Miller-Abbott tube, the author (5) demonstrated 
that the use of metallic mercury in this manner 
facilitated rapid and certain passage of the tube 
into the small bowel. It was his belief that this 
method of using mercury was original; however, it 
appears that approximately simultaneously Dr. 
Ivar Sivertsen, of Minneapolis, had had the same 
thought but lacked the clinical material to experi- 
ment with this system (11). The only other simi- 
lar use of mercury in this manner was described by 
Wilkins in 1928, who used a small amount as a 
weight in the bucket of a single lumen nasal tube. 

Since publication of the preliminary report on 
the use of mercury in the balloon of the Miller-Ab- 
bott tube, many personal communications have 
been received from surgeons throughout the 
world, describing enthusiastically their success 
with this simplified technique of intestinal intu- 
bation. With this added confirmation of the suc- 
cessful use of mercury in this manner, further clin- 
ical studies on the use of a single lumen mercury 
weighted tube have been carried out as rapidly as 
material presented itself. 

The principle upon which a single lumen mer- 
cury weighted intestinal tube is predicated is that 
of a weighted bag carrying the tube down into the 
small bowel by force of gravity, in contrast to the 
principle of peristaltic activity grasping the in- 
flated bag of the Miller-Abbott tube. The fluidity 
of the mercury molds it to the outline of the naso- 
pharynx, esophagus and pylorus, resulting in min- 
imum discomfort and trauma arising from its pas- 
sage. 

There are certain dangers and disadvantages to 
the double lumen tube as well as to the distended 
bag. The author had a personal experience with 
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Fig. 1. A, Mercury filled bag tied to new single lumen intestinal tube. Observe me- 
tallic sleeves inset in lumen at locations corresponding to tied ends of bag, ensuring 
patency of tube. Note also aspiration holes and marks indicating measurement by 
inches and feet. B, Cross section of new single lumen tube, showing entire lumen de- 
voted to drainage. Total tube diameter less than that of C. C, Cross section of 
Miller-Abbott tube, showing two-thirds of double lumen devoted to drainage, one-third 
to air inflation. Total diameter of tube greater than that of B. 





















one case of intussusception of ileum into ileum due 
to the inflated bag acting in a manner similar to a 
polyp. The patient succumbed to this type of 
bowel obstruction. Such instances have been de- 
scribed by other surgeons. Dr. Nelson J. Howard, 
in a personal communication, described a case in 
which a patient was being observed for possible 
ileus. Following the passage of a Miller-Abbott 
tube and inflation of the bag with an unusual 
amount of air, the patient had to be operated on 
for intussusception, which was found to be due to 
a tremendously distended bag of the Miller-Ab- 
bott tube. Operation consisted simply of deflat- 
ing the bag. Another disadvantage of the double 
lumen tube is the difficulty of educating the per- 
sonnel and even the house staff regarding the 
proper use of the two lumens. Although the 
double lumen tube requires a slightly larger cali- 
ber of rubber tubing (Fig. 1, C), a smaller propor- 
tion of its total lumen is destined to suction than 
is that of a smaller caliber single lumen tube which 
is devoted exclusively to suction (Fig. 1, B). 

With these facts in mind, various methods of 
weighting the end of the new single lumen tube 
with mercury have been tried. It was found that 
a minimum of 4 cubic centimeters of liquid mer- 
cury must be used to ensure successful descent of 
the tube. Such an amount could not be incorpo- 
rated in the manner of the Wilkins tube. An at- 
tempt was then made to use a small rubber bag 





filled solidly with 4 to 6 cubic centimeters of mer- 
cury and tied to the end of the tube. Such a bag 
could not be successfully passed through the naris. 
It was then attempted to pass the tube through 
the naris without the attached bag, bring it out 
through the mouth, tie the bag of mercury to the 
tip and have the patient swallow. This involved 
too much manipulation for an already sick pa- 
tient. Finally, aided by the suggestions of the 
resident surgeons (Lieutenants Walter Leff and 
Leon Karp), a method was devised of using the 
mercury in a larger, incompletely filled rubber 
bag, which permits of twisting and coiling the bag 
about the tubing so that it can be easily passed 
through the naris (Figs. 2, 3, and 4). 


DESCRIPTION OF SINGLE LUMEN MERCURY 
WEIGHTED TUBE 


Smooth surfaced, thin walled (1 mm.), flexible 
rubber tubing is used, measuring 5 millimeters 
across, or a caliber of No. 14F., and 1o feet in 
length. Perforations are present along the first 
foot of the tube for aspiration of intestinal con- 
tents when the suction apparatus is attached. 
The first mark is 2 feet distal to the tip; the ad- 
joining three feet are marked in inches from 1 to 
36. From here to the end, measurements are in- 
dicated in feet only. Two metal sleeves are fitted 
into the nasal end of the single lumen intestinal 
tube, one about 2 centimeters above the tip, the 
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Fig. 2. Single lumen mercury weighted intestinal tube 
in position for insertion. Note mercury in proximal end of 
twisted lubricated bag. 


other 12 centimeters distal to the first. A thin 
rubber bag or condom 12 centimeters long is used 
to hold the mercury in place on the tube (Fig. 1, 
A). A hole is made in the closed end of the bag 
which is then inverted, slipped over the tip of the 
- tube for a distance of about 2 centimeters and se- 
4 curely tied with No. 1 black silk thread. The bag 
is then pulled back over its fixed end, 4 to 6 cubic 
centimeters of metallic mercury are placed in it, 
and its free end is securely tied to the tube. By 
fastening each end directly over its corresponding 
metal sleeve the tube is prevented from collapsing 
due to pressure of the ligatures. 

This tube may be adapted to use in infants by 
employing No. 12 F. tubing about 5 to 6 feet long. 
The first mark would be at 1 foot, the length of the 
bag would be 6 centimeters, and the amount of 
mercury 2 to 3 cubic centimeters. As yet, we have 
had no experience with its use. 
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TECHNIQUE OF INTUBATION 


Passage of tube. It is important that almost no 
air be left in the:condom before it is securely tied 
with its contained mercury to the tube. If there 
is little or no air in the bag, it is easy to wrap it 
around the tubing with the mercury at its proxi- 
mal portion. As seen in Figure 2, the tubing, lu- 
bricated with glycerin, is now easily introduced 
into the wider naris. Preliminary nasal shrinkage 
and anesthetization are usually unnecessary, and 
the protruding 2 centimeters tip facilitates a 
smooth introduction. However, if the patient is 
| unusually apprehensive, local application of co- 
| caine or one of its derivatives may be carried out. 
After insertion of approximately 2 inches, the 
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Fig. 3. Tube is elevated in order to allow mercury au- 
tomatically to flow into empty nasopharyngeal end of 
bag. 


tube is elevated (Fig. 3) to permit the mercury 
automatically to flow into the distal part of the 
bag, which aids in the passage of the tubing into 
the nasopharynx (Fig. 4) and down into the stom- 
ach. 

After the tube has passed into the stomach and 
has been attached to a Wangensteen type of suc- 
tion apparatus so that the stomach is completely 
emptied of its contents, the patient is propped up 
on his right side in the semi-Fowler position in the 
exact manner described in the original technique 
of intubation by Miller and Abbott. If he is not 
too sick, we have found it advantageous to have 
him stand up out of bed and even walk around for 
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Fig. 4. Due to weight of mercury, tube has descended 
into esophagus; bag is untwisted. 
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Fig. 5. 
entered hospital with diagnosis of acute intestinal obstruction. Mercury weighted 
tube passed immediately. a, left, Flat film 4 hours later shows tube already in small 
intestine. Some obstructed loops still present. b, Twenty-four hours later: patient 
completely relieved clinically and radiologically; tube has descended to region of 
terminal ileum. No operative procedure performed. Patient discharged well. 


from 5 to 10 minutes or longer. The upright posi- 
tion and physical activity aid considerably in pro- 
voking a more rapid descent of the tube into the 
duodenum and jejunum. 

A minor point of technique which must be em- 
phasized again is that of ascertaining that pro- 
gress of the tube is not restricted by the adhesive 
tape attached to the cheek. A liberal loop of slack 
tubing, usually 6 to 12 inches, should be left 
alongside the naris so that the spontaneous de- 
scent may be observed and measured carefully by 
the nurse. The nurse is requested to note on the 
tubing the inch mark which shows at the external 
naris immediately after the tube has reached the 
stomach. She is then told not to allow the tube to 
move spontaneously or to be helped along at a 
rate greater than 1 inch every 10 minutes. If the 
tube appears to be moving too fast, this rate is de- 
creased to one inch every 15 or 20 minutes. There 
is a tendency on the part of the nursing personnel 
and the house staff to try to hurry the descent of 
the tube by feeding it into the nasopharynx at too 
rapid a rate. This invariably will result in coiling 
of loops of the tubing in the stomach, preventing 
the ultimate passage of the weighted bag into the 
small bowel. In most cases, with a little patience 
it will be found that the tube tends to descend by 
itself. 

The advantage of calibration is obvious, in that 
we are able to obtain exact nursing information 


Case 1, No. 8761. Thirty six year old woman with abdominal scar 


concerning the length of tubing which has de- 
scended in a given interval. There is considerable 
variation in the rate of progress. In one patient, 
the tube moved so fast that four feet appeared to 
be taken into the intestine in less than 8 hours. 
In other cases, there was a tendency for some of 
the tubing to coil in the stomach itself, although 
the mercury weighted tip had definitely passed 
into the small bowel. In still another group, after 
fairly rapid passage of approximately 2 feet, and 
with evidence from the drainage that the ob- 
structed intestine was being decompressed, the 
tube appeared to stop in its progress for perhaps 
24 hours at a time. However, further progress in 
such a case seems unnecessary, as the purpose of 
the decompression has been accomplished. It has 
also been noted that when this tube is used in a 
nonobstructed case, such as in preparation for 
large bowel surgery, its descent is so rapid that a 
considerable length (8 to 10 feet) may be drawn 
into the intestine within a few hours. Such an oc- 
currence can be averted by stopping the passage 
of the tube at the 4 or 5 foot mark until subse- 
quent flat films show the exact location of the tip. 

X-ray follow-up. Progress of the tube and its 
favorable or unfavorable influence on the course 
of the obstructive process must be carefully 
checked by flat or so called scout x-ray films of the 
abdomen taken at frequent intervals. During the 
first 48 hours of an acute intestinal obstruction 
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Fig. 6. Case 2, No. 7714. Flat film on admission to hospital showing small bowel ob- 


b, Twelve hours later: mercury weighted single lumen tube has partially de- 


compressed obstructed bowel; patient clinically improved. c, Twenty hours later: intes- 
tinal tube has progressed satisfactorily, but there is increased number of obstructed 


loops; clinically patient seems somewhat worse. Operation indicated. 


d, Six days post- 


operatively: tube has been gradually withdrawn. A few small paralytic loops still visible. 


being treated by intubation, at least three films 
will have been taken approximately 12 to 18 hours 
apart. If these films show favorable progress of 
the tube with deflation of the distended intestinal 
loops, the patient may continue to be treated con- 
servatively by intubation alone (Case 1, Fig. 5, 
a, b). If clinically and radiologically the patient 
is not doing well, or if the tube has not made satis- 


factory progress, the surgeon has not lost too 
much time in determining that operation is es- 
sential (Case 2, Fig. 6, a,b, c,d). In either type of 
case, the intestinal tube is not withdrawn until 
follow-up abdominal films show complete disap- 
pearance of any evidence of obstruction. 

In treatment by intubation alone of the simple 
type of intestinal obstruction, the tube usually re- 
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Fig. 7. Case 3, No. 7851. History of repeated attacks of 
intestinal obstruction following three laparotomies. Single 
film taken within 18 hours after admission reveals almost 
complete descent of tubing and evidence of relief of ob- 
struction. Subsequent operation as interval case showed 
symptoms of chronically obstructed small intestine due to 
old adhesive type of peritoneal reaction. Resection of ob- 
structed intestine performed. 


’ 


mains in place for from 4 to 10 days. One case of 
ileus (Case 1, Fig. 5, a, b) required the tube only 
48 hours, after which signs and symptoms com- 
pletely disappeared. No very sick patient pre- 
senting obstruction has been successfully treated 
by intubation alone in less than 5 days, and one 
had the tube in place for 11 days. 

Withdrawal of tube. This step is attended by no 
special difficulty or danger except as described 
under “Accidents and Complications.” As the 
tube is withdrawn, at a point somewhere between 
the 12 and 18 inch mark, resistance will be felt as 
the mercury weighted tube is being pulled through 
the pyloric ring back into the stomach. When 
this resistance is encountered, the inexperienced 
house officer may hesitate to apply sufficient trac- 
tion to draw the tubing back into the stomach. 
Firm traction must be made at this point, and as 
the mercury in the bag is liquid it will readily con- 
form to the contour of the pyloric ring, the esoph- 
agus, and nasopharynx in its withdrawal. 

FAILURES 

We have had two complete failures in this series 
in which we were unable to pass the tip beyond 
the pylorus. However, in both cases when the 


nurse was not looking the patient constantly at- 
tempted to pull the tube out. The first was a boy 
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of 14, who had postoperative generalized peritoni- 
tis from a perforated appendix and paralytic ileus. 
The other failure likewise occurred in a postopera- 
tive appendicitis case presenting paralytic ileus— 
a man of 20 who fought the passage of the tube 
and during the night pulled it out completely. 
In the remaining 34 cases, in 19 of which we used 
the mercury weighted Miller-Abbott tube with 
the distended bag, and in 15 the new single lumen 
tube, we were successful in passing it well down 
into the obstructed intestine in every case within 
a maximum of 24 hours after intubation. In the 
majority of cases of successful intubation, the 
mercury weighted single lumen tip will have en- 
tered the duodenum and upper jejunum within 6 
hours of its introduction, as determined by the 
character of the contents in the drainage bottle. 


ACCIDENTS AND COMPLICATIONS 


The danger of mercurial poisoning in cases of 
rupture of the bag has been one of the theoretical 
objections to this technique. In my preliminary 
report, it was shown by experimental work with 
laboratory and clinical material that there is little 
if any danger to the patient should the metallic 
mercury become free in the intestinal tract. Since 
publication of this article, we have had two ex- 
periences with such an accident. 


In the first case (No. 5738), the Miller-Abbott tube was 
used and the inflated bag which was filled with mercury ap- 
parently ruptured. All the mercury was passed per rectum; 
there was no evidence of metallic poisoning at any time 
during the patient’s recovery. In the second case (No. 
8328), early in our experience with the single lumen tube 
the attached bag of mercury was tied on too loosely, be- 
came free in the intestinal tract and was ultimately passed 
by the patient without ill effects. 

As previously stated, the rate of progress of the tube 
varies considerably. In one patient (No. 11255), a woman 
with a spinal cord tumor, who was suffering from paralytic 
ileus, the single lumen tube progressed so rapidly that after 
48 hours 9 feet of the tubing had been taken into her in- 
testine. Two hours after this had been noted and adhesive 
tape applied to inhibit further progress, the mercury 
weighted bag with the tip of the tube presented at the anus, 
showing that it had progressed through the entire length of 
the gastrointestinal tract. Inasmuch as clinically and radi- 
ologically she was by this time relieved of her-ileus, the en- 
tire tubing was withdrawn per rectum. 


If the tube has passed the ileocecal valve and 
entered the cecum or ascending colon, as may oc- 
casionally happen if it has been allowed to de- 
scend too fast without check-up x-ray films, it 
may be impossible to withdraw it due to inability 
to pull it back through the ileocecal valve. In 
this event, the patient may be permitted to swal- 
low the entire tube and ultimately, in a matter of 
a few days, the head of the tube will present at the 
anus and can be withdrawn per rectum. 
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Fig. 8. Case 4, No. 7034. a, Seventy eight year old 
woman with abdominal scar from laparotomy performed 34 
years previously entered hospital with clinical and radio- 
logic evidence of small bowel obstruction. b, Film taken 6 
hours after passage of single lumen tube shows tube well 


Such an accident occurred in the case of a patient (No. 
11789) who was being prepared for a rectosigmoid resection 
and showed no evidence of small bowel obstruction. The 
tube descended so rapidly that before it was realized the tip 
of it had entered the cecum. When an attempt was made 5 
days postoperatively to withdraw the tube, as the patient 
was doing satisfactorily, it was found impossible to pull it 
back through the ileocecal valve and into the small intes- 
tine. It was finally decided to allow him to swallow the en- 
tire tubing and let it traverse the ascending, transverse, and 
descending colon. The tip eventually presented at the anus 
and was withdrawn per rectum. In this particular post- 
operative patient, who had had a rectosigmoid resection 
and end-to-end anastomosis, it took 7 days for the tube to 
be passed per rectum—apparently without harm to the re- 
cently made anastomosis. 


As is true of any indwelling nasal tube, the com- 
plication of nasopharyngeal irritation and even 
serious infection and laryngeal edema (6) is ever 
present. This type of complication has not hap- 
pened in the author’s present series. It is believed 
that the smaller total caliber and softer rubber of 
the new single lumen tube tends to prevent or at 
least to minimize the incidence and severity of 
nasopharyngeal irritations. 


DIAGNOSTIC VALUE 


Intestinal intubation with a single lumen mer- 
cury weighted tube is of particular diagnostic 
value because of the radiopaque quality of the 
mercury and of the two metallic sleeves inserted 
in the tubing. In a case reported by Dr. John W. 
Cline of intestinal obstruction 4 days following 
cholecystectomy, the passage of the mercury tip- 
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down in obstructed loop; considerable relief already pres 
ent. c, Three days later: tube low down in small bowel; no 
evidence of small bowel obstruction; gas present in large 
bowel. Operation not necessary. Patient completely re- 
lieved. 


ped bag aided in the diagnosis of the exact point 
of obstruction. The flat film showed the mercury 
down in the pylorus but completely stopped in its 
progress there, and subsequent operation revealed 
an acute cicatrizing pyloric obstruction. 

A study of the flat films may show the mercury 
has reached the point in the intestine where the 
obstruction appears to be. Intubation was defi- 
nitely of help during the operative attack in one 
such case (Case 2, Fig. 6, c), in which the patient 
went to the operating room with the intestinal 
tube down to the obstructed bowel. 


This patient (No. 7714), Mrs. H.L., 76 years of age, in 
remarkably good condition except for an old scoliosis, was 
admitted to Mount Zion Hospital on July 2, 1944, with the 
diagnosis of acute intestinal obstruction. There was an ab- 
dominal scar in the lower abdomen from a hysterectomy 
performed approximately 30 years pr¢ viously. X-ray film 
(Case 2, Fig. 6, a) showed definite evidence of mechanical 
small bowel obstruction. Intestinal intubation with rapid 
passage (4 hours) of the tube into the obstructed bowel re- 
sulted in great improvement radiologically and clinically 
12 hours later (Case 2, Fig. 6, b). However, the third film, 
taken within less than 48 hours after admission, showed 
sudden increase in the number of obstructed loops; the mer- 
cury weighted tip was stationary at a lowermost point in 
these loops. Under existing circumstances, operation was 
considered imperative. It was believed that there was an 
obstruction low in the ileum, judging from the position of 
the mercury filled bag (Case 2, Fig. 6, c). Findings at oper- 
ation confirmed this diagnosis. An adhesive band from the 
old operative procedure caused a partial strangulating ob- 
struction of the mesentery and lumen of the terminal ileum. 
Simple severance of this band released the obstruction and 
allowed the mercury weighted bag, which had been stopped 
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at this point, to be pulled down into the distal ileum. Here 
it remained until it was gradually withdrawn after later 
films showed almost complete disappearance of the post- 
operative ileus (Case 2, Fig. 6, d). 


The perforations in the distal portion of this 
new tube are large enough to permit of injection 


through the tubing and disposition within the. 


distal intestine of a fine spray of light barium 
mixture. The author is experimenting with this 
procedure as a further diagnostic aid in intestinal 
obstruction treated by intubation. 
RESULTS 

In summarizing the combined clinical experi- 
ence with the double lumen and new single lumen 
mercury weighted tubes, we note that intubation 
has been employed in 36 cases of intestinal ob- 
struction. A detailed analysis of these cases is not 
attempted in this communication. Suffice it to 
say that 11 of the 36 required no surgical inter- 
vention and were successfully treated by simple 
intubation without mortality. Of the remaining 
25 treated by surgery and intubation there were 2 
deaths. 

SUMMARY 

The use of metallic mercury as a weight to fa- 
cilitate the passage of a double or single lumen in- 
testinal tube into the small bowel has been car- 
ried out in 36 cases of intestinal obstruction with 
but two failures to accomplish successful intuba- 
tion. The method now appears to have been suc- 
cessfully used by many other surgeons who report 
enthusiastically on its advantages. 

A new simplified, calibrated, single lumen, mer- 
cury weighted tube is described for the purpose of 
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intestinal intubation. It has the advantages of 
smaller total diameter, larger drainage lumen di- 
ameter, calibration to permit exact recording of 
the descent of the tube and simplified technique of 
introduction. It has been successfully used in 18 
cases to date. 

The importance of frequent x-ray films of the 
abdomen as an essential part of this technique is 
stressed. | 

Accidental rupture of the rubber bag containing 
the mercury has occurred in 2 cases, without evi- 
dence of mercurial poisoning. 

Successful intubation by means of the mercury 
weight technique seems to indicate that the prin- 
ciple of an air inflated bolus to stimulate peristal- 
tic activity is unnecessary for progression of the 
tube into the obstructed small bowel. Gravity 
acting on a heavily weighted mercury tip accom- 
plishes this result. 
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DEFORMATION OF THE SKULL 
A Study with the “Stresscoat”’ 


E. S. GURDJIAN, M.D., F.A.C.S., and H. R. LISSNER, B.S., MLS., 


N a previous communication (3) deforma- 
tions of the skull of the dog under anesthesia 
at the time of a blow, studied with the aid of 
the cathode ray oscilloscope, were discussed. 

In this paper we wish to report results obtained 
by the use of the “‘stresscoat” technique (1, 2) to 
indicate deformations of the skull resulting from 
hammer blows. If deformations are of sufficient 
magnitude they cause cracks in a strain-sensitive 
brittle coating previously applied to the surface of 
the skull. By this method, the resultant deforma- 
tion patterns in the immediate vicinity of, as well 
as remote from the blow, may be studied. 


TECHNIQUE 


Dogs and monkeys were used in order to estab- 
lish a correlation between the results obtained in 
the dry skull, the skull of the dead animal with 
the intracranial contents undisturbed, and the 
skull of the living animal under nembutal anes- 
thesia. Further studies were made on human 
material consisting of dry skulls and skulls of ca- 
davers from the anatomical laboratories of the 
University. 

In each of 6 dogs, the skull was exposed after 
the temporal muscles were dissected away from 
the bone down to the region of the zygomatic 
arch. The temporal muscles were then carefully 
sutured to the upper jaw to keep them out of the 
way and to minimize the possibility of moisture 
and soiling in the area under study. The surface 
of the skull was cleansed by scraping the muscular 
and fascial attachments and was smoothed by 
sandpapering. It was then washed with ether. 
The preparation was then ready for stress analy- 
sis. The experiment, the details of which are 
given below, was completed in about 10 hours. 
Two to three additional injections of nembutal 
were needed to keep the animal under anesthesia. 
At the conclusion of the experiment the animal 
was killed, and the same procedure was carried 
out on the skull to show whether or not the pat- 
tern was essentially the same as in the living ani- 
mal. Later the contents were removed and the 
skull was cleansed. Another group of experiments 
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were then carried out on the dry skull to note cor- 
relations of pattern. In one macaque monkey a 
coronal incision was made from ear to ear. The 
scalp, the small masseter muscles and the deep 
muscles of the neck reflected so that the skull was 
exposed from the level of the orbital rim anteriorly 
to the foramen magnum posteriorly, and from zy- 
gomatic arch to zygomatic arch laterally. The 
skin and muscles were sutured to the upper jaw 
anteriorly, to the cheeks laterally and to the neck 
posteriorly. The strain patterns were studied in 
the monkey under anesthesia, on the skull of the 
dead animal with contents intact, and later on its 
dry skull. In another monkey (macaque) the 
strain patterns were studied on the skull of the 
dead animal with contents intact and later on the 
dry skull. 

“Stresscoat” is the trade name of a brittle lac- 
quer method of strain determination in any struc- 
ture subjected to static or dynamic forces. The 
surface of the structure is coated with a lacquer. 
Cracks form in this coating when the material to 





A photograph of the human cadaver skull fol- 


Fig. 1. 
lowing a blow in the midfrontal region. The strain patterns 
seen are the original lines before inking. Note that there is 
a superimposition of pattern in the left supraorbital region 
of the frontal bone. Such superimposition is due to several 


deformations of the skull following the impact. A fracture 
line is seen extending from the lower border of the area of 
impact to the left supraorbital notch. It is felt that this 
fracture was initiated on the internal surface of the skull 
since its line is at right angles to the pattern seen on the 
exterior of the skull. The extension of the fracture line to 
the supraorbital notch is explained on the basis of the fact 
that the notch represents an area of stress concentration. 
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Fig. 2. 


Strain patterns following a right parietal blow in the dog. The 


upper row of figures represents the findings in the dog under nembutal anes- 
thesia. The figures of the middle row are those of the dead dog but with cra- 
nial contents intact. The lower row shows the findings in the dry skull of 
the same animal. The patterns correlate in the living, dead (with contents 
intact), and dry skulls. In the living, deformations are more extensive with 
strain patterns on both sides of the skull. In the dry preparation, the de- 
formations are more localized to the side of the skull where the parietal blow 


was administered. 


be tested is subjected to tensile strains of the order 
of magnitude of .coo5 to .oors inches per inch. 
The sensitivity of the lacquer to strain depends on 
the temperature and humidity conditions at the 
time of the test. Various lacquers are provided 
for use with varying temperature and humidity 
conditions. The actual sensitivity of the lacquer 
used, at the time of a given test, is determined by 
means of a calibrating device. 

The actual steps in the use of “stresscoat’’ for 
strain determination are as follows: After the 
bone is thoroughly cleansed and smoothed by pol- 
ishing lightly with a fine sandpaper, the surface is 
dried with ether. In half an hour a very thin uni- 
form undercoat of aluminum lacquer is sprayed 
on the surface of the bone. (In the living animal 


a slightly heavier coating of aluminum was found 
advantageous, as it seemed to act as a sealer as 
well as to give a uniform background for the in- 
spection of the cracks. Too heavy an undercoat- 
ing gave poor results.) The skull is then allowed 
to dry for 15 minutes or longer. A uniform layer 
of the strain-sensitive lacquer is applied by spray- 
ing, and calibrating strips of steel are coated at 
the same time. In studies of living animals and of 
dead animals with contents of the skull intact, the 
lacquer is allowed to dry for 4 or 5 hours. On the 
dry skulls the lacquer is allowed to dry 24 hours. 
The calibration strips are kept at the same tem- 
perature and humidity as the stress-coated skull 
to insure the same strain characteristics for both. 
In the living animal the calibration strips are 











Fig. 3. Strain patterns after a frontoparietal blow at the 
midline in the monkey (macaque). The figures in the 
upper row are photographs of the skull of the monkey under 
nembutal anesthesia. The figures in the middle row are 
photographs of the skull following a similar blow in the 
dead animal but with contents of the skull intact. The 


taped to the body to insure similar temperature 
conditions. 

Blows were struck with the flat portion of an 8 
ounce ball peen hammer. The stresscoated area 
was then covered with a red dye etchant solution, 
which penetrated all the cracks formed by the 
blow. When the etchant was removed by an 
emulsifier solution, the red dye remained in the 
cracks. The dye etchant treatment is necessary 
because the cracks frequently close so tightly after 
the blow that they are not visible. In the living 
animal the etchant was removed 40 seconds after 
its application. In the dry skull it was allowed to 
remain on the lacquer for about go seconds before 
it was removed with the emulsifier. In the tests on 
living animals, the dye etchant and emulsifier 





figures in the lower row are photographs of strain patterns 
in the dry skull of the same animal. Note that there is a 
correlation between the living, the dead (with contents 
intact), and the dry skulls. In the living skull the stress 
lines are somewhat more extensive than in the dry prepara- 
tion. 


were heated to slightly above body temperature 
before application. The emulsifier was washed 
away with warm tap water in the case of dry 
skulls and with water heated to slightly above 
body temperature in the case of tests on animals 
under anesthesia. The skull was then allowed to 
dry. 

The pattern is best visualized with the aid of a 
magnifying glass and with proper adjustment of 
the direction of the light which illuminates it. For 
permanent record, the cracks are traced with India 
ink and the skull is then photographed. An unre- 
touched preparation is shown in Figure 1. It must 
be noted that most unretouched preparations 
would not photograph well because of the faint- 
ness of the cracks. 
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RESULTS 


In Figure 2 are shown the deformation patterns 
in the dog under anesthesia, in the dead dog, and 
in the dry skull of the same animal. It may be 
seen that a definite correlation exists between the 
various preparations. The patterns obtained in 
the dry skull are only slightly less extensive than 
in the dead dog. In the dog under anesthesia the 
deformation patterns are more extensive. In Fig- 
ure 3 the results of a frontoparietal blow at the 
midline are shown in the monkey under anes- 
thesia, in the dead monkey, and in its dry skull. 
Again the same correlation of pattern is noted as 
in the dog, and again the same comments may be 
made concerning the differences between the wet 


Fig. 4. Stress patterns following a mid- 
frontal blow in a dry human skull. Note 
the areas of stress concentration at the 
rim of the orbit and extending into the 
frontosphenoidotemporal region. 


and dry skulls. Consequently, it is felt that a 
study of strain patterns based on dry skull prep- 
arations is accurate and represents conditions 
similar to those obtained in the living organism. 
In the dry human skull, we have found that a su- 
ture line may act as a barrier to the propagation of 
the strain, but this did not occur in the embalmed 
cadaver preparations since the sutures in the lat- 
ter are well cemented together and strains travel 
across them without hindrance. 

In the study of strain patterns in the human, 5 
dry skulls and 3 cadaver skulls were used. At this 
time we wish to report on the effect of hammer 
blows of varying intensity on the strain patterns. 
In the near future we hope to be able to report on 
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Fig. 5. Stress patterns following a blow in 
the midfrontal region in a human cadaver 
preparation. Note that the pattern extends to 
the temporal region on both sides. Many of 
the lines also extend to the roof of the orbit. 


strain patterns caused by a given amount of ab- 
sorbed energy. The effects of a midoccipital blow 
near the parieto-occipital suture, a midfrontal 
blow, a midline vertex blow, a blow in the lateral 
frontal region, and a blow in the lateral posterior 
parietal region were studied. 

Midfrontal blow. A midfrontal blow was stud- 
ied on 1 cadaver and 2 dry skulls. A midfrontal 
blow, if sufficiently light, may cause only a local 
deformation at the point of impact. If a stronger 
blow is used, strain patterns appear at the supra- 
orbital ridges and extend down into the roof of the 
orbit (Fig. 4). Other patterns are noted to course 
obliquely downward and outward along the lat- 
eral aspect of the frontal bone to the sphenoid. 
Some extend well into the temporal bone. In Fig- 
ure 5, a blow applied in the midfrontal region 
slightly to the left of the midline caused extensive 
strain patterns as well as a fracture from the bor- 





der of the area of impact to the left supraorbital 
notch. It should be noted that this line of frac- 
ture is at right angles to the strain patterns seen 
on the surface of the skull due to the fact that it 
was initiated on the internal surface of the skull. 
Its extension toward the supraorbital notch is ex- 
plained on the basis that such a notch or foramen 
represents an area of stress concentration. Simul- 
taneously, with strain patterns on the outside of 
the skull, there are patterns on the inner surface 
of the skull, and these internal and external pat- 
terns are at right angles to each other. In this fig- 
ure one also notes the presence of patterns crossing 
each other. These are produced by the successive 
deformations of the skull following the blow, be- 
fore the structure comes to rest again. 
Midoccipital blow. A midoccipital blow was 
studied on 2 cadaver and 2dry skulls. A blowin the 
midoccipital region near the lambdoid suture causes 
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marked deformations of the skull about the fora- 
men magnum and the squamous portion of the 
occipital bone. This concentration of stress is 
seen in the dry skull as well as in that of the cada- 
ver. Such extensive deformations about the fora- 
men magnum may set up intracranial pressure 
waves which may cause involvement of vital 
structures in the medulla and brain stem. This 
may in part explain why blows upon the posterior 
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Fig. 6. Strain pattern in a human cadaver prep- 
aration, a, following a midline occipital blow. Note 
the cracks in the stresscoat in the vicinity of the 
foramen magnum. In the lower photographs (b, c,), 
are shown the effects of a blow in the occipital region 
in the dry human skull. Note the extensive pattern 
about the foramen magnum at the base of the skull. 
Such deformations may result in intracranial pres- 
sure waves causing injury to brain stem and me- 
dulla. 


aspect of the skull are more dangerous than those 
in the anterior portions. With lighter blows, 
similar}but less extensive patterns are obtained. 
In Figure 6, b ‘and c, a fracture line extending 
from the border of the area of the blow to the lamb- 
doid suture was most probably initiated at the su- 
ture and extended as far as the border of the area 
of impact. Since many other radially arranged 
lines of crack in the stresscoat which appeared to 
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Fig. 7. The upper photograph, a, rep- 
resents the strain: pattern following a 
lateral frontal blow in a human cadaver 
preparation. In the lower two photo- 
graphs, b, c, are shown the strain patterns 
in a dry human skull. Note that follow- 
ing a lateral frontal blow there are de- 
formations over the vertex and in the 
temporoparietosphenoidal region. There 
are a few cracks in the lacquer over the 
malar bone. 
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originate in the lambdoid suture region do not ex- 
tend as far as the area of impact, it is quite prob- 
able that the fracture line paralleling the radially 
arranged strain pattern started at the lambdoid 
and extended toward the area of impact. 

Lateral frontal blow. The results of a lateral 
frontal blow were studied in 1 cadaver and 2 dry 
skulls. In these preparations, aside from the cir- 
cularly arranged cracks in the area of impact, 
there are extensive strain patterns directed to- 
ward the temporal fossa. These go downward and 
backward (Fig. 7a). In Fig. 7, b and c, we find 
cracks in the lacquer over the lateral frontal, 
sphenoid, and temporal bones and a few over the 
malar bone. Cracks can also be seen over the mid- 
line at the frontoparietal junction. 

Lateral posterior parietal blows. These were 
studied in 1 cadaver and 3 dry skulls. After such 
blows, strain patterns are found to extend down- 
ward and forward toward the temporosphenoidal 
junction (Fig. 8a). In Figure 8b, a blow in the 
posterior parietal region resulted in a fracture 





line extending from the border of the area of im- 
pact to the parietotemporal suture. It is likely 
that this fracture started at the suture line and ex- 
tended to the area of the border of the impact 
since several parallel cracks in the stresscoat ex- 
tend only part of the way from the suture line 
and appear to have been initiated at that point 
rather than at the border of the area of impact. 

Midline blows at the vertex. These were studied 
from 1 cadaver and 2 dry skulls. A midline blow 
at the vertex caused cracks in the stresscoat ex- 
tending down the temple on both sides (Fig. 9). 
In another, a blow caused a circular piece to break 
out of the skull by tension (since the border of the 
circular piece on the outside was smaller in diam- 
eter than that of the internal surface). The skull 
at this point was very thin and the site of the im- 
pact was immediately over one of the deploic 
depressions. ee 

OBSERVATIONS 

At the outset it should be stated that this par- 

ticular method of study has certain limitations. 
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lig. 8. The upper figure, a, shows the findings follow- 
ing a lateral posterior parietal blow in a human cadaver 
preparation.‘ 'Note the evidences of deformation extending 


downward and forward toward the ‘“‘temple.’’ In the 
lower figure, b, is shown the strain pattern following a 
similar blow in a dry human skull. 





Fig. 9. Strain pattern following a midline vertex blow in 
a human cadaver preparation. Cracks in the coating are 


The method shows only tensile strains. In these 
tests we have studied the behavior of the outside 
surface of the skull only and have no information 
on what occurs on the internal surface of the skull. 
This is important since following severe blows, 
tensile strain may be greater on the internal sur- 
face of the skull. The method necessitates the 
removal of the skin and muscles so that their ef- 
fect on deformations of the skull cannot be deter- 
mined. However, having proved definitely that 
the contents of the skull have practically no effect 
on the tensile strains, it is permissible to deduce 
that the removal of the skin and muscles from the 
exterior of the skull would be of minimal signifi- 
cance, if any. In the dry human skull, suture lines 
affect to some degree the transfer of strain 
patterns. 





noted over the parietal and frontosphenoid regions extend- 
ing toward the “‘temple.’’ 


The strain propagation characteristics are based 
on the shape and variations in thickness of the 
skull. The strain patterns of the human skull are 
totally different from those of the dog. In the dog, 
a more generalized and more extensive pattern 
was obtained; while in the human, blows in vari- 
ous portions of the skull caused discrete areas of 
involvement, as indicated with the lacquer of the 
strain sensitivity used. 

In the human skull it was found that blows in 
the frontal region were followed by strain patterns 
along the orbital rim extending into the roof of the 
orbit, as well as cracks in the lacquer in the fron- 
tosphenoidotemporal region. Clinically, fractures 
involving the roof of the orbit are quite common 
and in general their direction parallels the strain 
patterns seen in our preparations. With a midoc- 
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cipital blow near the lambdoid suture there were 
evidences of extensive deformation about the fora- 
men magnum. These strain lines parallel the 
three types of fracture frequently seen in this re- 
gion. These are, first, fracture lines extending 
from the occipitoparietal region into the lateral 
aspect of the foramen magnum; second, those ex- 
tending toward the base just lateral to the fora- 
men; and third, those which end in one of the lat- 
eral foramina such as the jugular foramen or may 
extend further forward toward the petrous bone. 
Lateral frontal and lateral posterior parietal blows 
on the skull caused cracks in the lacquer extend- 
ing toward the “temple”; with the former, the 
direction of the cracks was downward and pos- 
teriorly, and, with the latter, downward and an- 
teriorly. The direction of the cracks parallels 
most fractures in this frontosphenoidotemporal 
and parietotemporosphenoidal neighborhood. 

Although human and lower forms differ in their 
strain patterns, the use of the lower forms to note 
correlation of results in the animal under anes- 
thesia and in the dry skull is of inestimable value. 
Strain patterns obtained from live and dead ani- 
mals and from dried skulls were sufficiently 
similar to state definitely that the hydrodynamic 
effect of the contents of the skull in the live or 
dead animal did not materially change the pat- 
tern as obtained from a study of the dry skulls. 
This does not imply that the magnitude of the 
strains is the same, but that the strain paths are 
the same. From the foregoing facts it can also be 
justifiably deduced that the effect of the skin and 
muscles on the strain pattern is negligible. 

A study of the skulls in which a fracture was 
obtained reveals that this was brought about by 
tensile strains either on the internal or external 
surface of the skull. Failure may start on the in- 
ternal surface of the skull due to the initial in- 
bending or it may begin on the external surface as 
the secondary deformation causes an outbending 
of the skull. 

Patterns obtained in some preparations clearly 
indicated that following a blow the skull vibrated 
before coming to equilibrium and rest. This was 
shown by the presence of several strain patterns, 
superimposed over one another. From a study of 
the interrupted or discontinuous lines, the order 
of formation of the pattern can be determined 
(Fig. 1). With the much more sensitive cathode 
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ray oscilloscope-strain gauge method, several in- 
bending and outbending movements were noted 
following a single blow (3). 

In the present paper only the effects of general 
deformation of the skull caused by blows admin- 
istered with the flat surface of a ball peen hammer 
are discussed. Bullet and other penetrating 
wounds, and blows by the relatively sharp border 
of blunt objects are not considered. It is agreed 
that the strain patterns may be given a certain 
directional character depending upon the area of 
impact and the velocity of the injuring object. 
However, it is felt that in head injury associated 
with general deformation of the skull, fractures 
occur in regions proved to be areas of stress con- 
centration, as shown in these studies. 

CONCLUSIONS 

1. The stresscoat method is admirably suited 
for the study of deformations of the skull in head 
injury at the point of impact and in remote re- 
gions as well. 

2. The results of these experiments indicate 
that dry bone, while having different strength 
and stiffness characteristics than living bone, may 
be used for the determination of paths of strain 
under dynamic impact, and areas of weakness 
may thus be determined. 

3. Deformations of the skull may be more ex- 
tensive at some distance from the point of the 
blow than they are in the region of the blow. 

4. Deformations at the base of the skull due to 
a blow on the occiput are of an order of magnitude 
great enough to set up waves of pressure in the 
region of the brain stem and medulla. 

5. When fracture of the bone occurs, the failure 
is due to tensile stress. Failure may start either 
on the external or the internal surface of the 
skull. 

6. Strain propagation characteristics are de- 
pendent upon the shape and variations in thick- 
ness of the skull; hence some variation may be 
expected in the strain paths in different skulls. 
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AMPUTATIONS DURING THE WAR AND AFTER 


PAUL F. OLSON, M.D., F.A.C.S., Lieutenant Commander, M.C., U.S.N.R. 


UCH has been added to our knowl- 
edge of amputations during the 
war; surgical experience has been 
large and concentrated, and, more 

important, the surgeon has worked together with 
the maker of artificial limbs so that prostheses can 
be more skillfully fitted to amputation stumps and 
results more efficiently evaluated. 

In the past, progress in the shaping of amputa- 
tion stumps has been retarded because the sur- 
geon and the limb maker have not been closely 
enough associated. Surgeons perpetuated the prac- 
tices of their predecessors with little knowledge of 
what constitutes a stump suitable for a prosthesis. 
On the other hand, limb makers, recognized a 
suitable stump, but they did not know how it 
could be fashioned surgically. The war has over- 
come this difficulty, much to the benefit of the pa- 
tient, by bringing together in amputation centers 
both the surgeon and the limb maker. 

AMPUTATIONS IN THE MILITARY SERVICE 

In military service amputations are performed 
for the most part on traumatized and often in- 
fected extremities. It is, therefore, usually advis- 
able to divide the operation into two stages: a pre- 
liminary open amputation is done in the field, and, 
after the patient has been evacuated to an ampu- 
tation center, the stump is surgically prepared for 
the application of a prosthetic appliance. 

Preliminary open amputations. The prelimi- 
nary open amputation is a modification of the old 
guillotine amputation, with important alterations. 

First, it should be pointed out that a prelimi- 
nary open amputation is never, by choice, carried 
out through the site of election for the finished 
amputation. The classical sites of election for flap 
amputations are well known, but the fact cannot 
be emphasized too strongly that such sites do not 
apply to open amputations. The objective of an 
open amputation is to remove all of the devital- 
ized tissue and to preserve all of the viable tissue. 
The site of election is, therefore, at the level of 
demarcation; in other words, through the most 
distal point of viable tissue. 

The preliminary open amputation is a life sav- 
ing procedure. Tissue which is irreparably dam- 
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aged is removed and the stump is left open so that 
no infection will be enclosed. The general health 
of the patient usually improves rapidly, and if suf- 
ficient viable tissue remains a good stump can 
subsequently be fashioned by a plastic revision. 

The preliminary open amputation differs from 
the old guillotine amputation mainly in the man- 
ner in which the skin is dealt with. The healing of 
the stump can be greatly hastened and the quality 
of the final result much improved by preserving 
sufficient skin subsequently to cover the end of the 
stump. This is accomplished by incising the skin 
distal to the point at which the bone is to be se- 
vered at a distance equal to one half of the diame- 
ter of the stump. Obviously the diameter of a 
thigh is considerably greater than that of a wrist, 
but if the cuff of skin is equal to one half of the di- 
ameter of the stump it will suffice eventually to 
cover the end of that stump. The skin is dissected 
back and the muscle and bone are severed. From 
here the procedure may vary. If the contamina- 
tion is minimal the skin may be provisionally 
drawn together over the end of the stump by one 
suture in the midline, the corners being left widely 
open for drainage. If there is infection the stump 
is left open and the edges are drawn down by skin 
traction. Either way the healing of the stump is 
greatly expedited and at the same time all the ad- 
vantages of an open amputation are preserved. 

Second stage revisions. When the stump has 
healed following an open amputation and a sterile 
field has been obtained, a simple plastic procedure 
often suffices to prepare the stump for a prosthe- 
sis. The scar is excised and the lateral promi- 
nences are eliminated. Should the available skin 
be insufficient to permit of approximation it will 
be necessary to shorten the stump, however un- 
desirable that may be in certain cases in which the 
stump is already too short. If the length of the 
stump is sufficient for a reamputation at the site 
of election, flaps are laid out and a procedure is 
carried out identical with the primary flap ampu- 
tation which will be discussed in detail later. 
However accomplished, the end of the stump 
must ultimately be covered by skin, and not by 
scar tissue or grafts. 

Advantages of skin traction. Skin is an elastic 
tissue and will retract after it is incised. If the 
skin margins are allowed to become fixed by a ring 
of scar tissue in the retracted position it will re- 
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quire months for the end of the stump to epithe- 
lize, and then it will be necessary to shorten the 
stump in order to accomplish a satisfactory clo- 
sure. To expedite healing and to obtain a good 
result, it is necessary to apply skin traction at the 
completion of an open amputation, and to con- 
tinue the traction until the stump has healed. 


PRIMARY FLAP AMPUTATIONS 


Whether the amputation is performed in one 
stage or in two the final result to be desired is the 
same, and will be discussed at some length to- 
gether with the technique employed. 

Amputations through the foot and ankle. In the 
foot an amputation through the tarsometatarsal 
articulations is acceptable, although it deprives 
the patient of the spring in his gait. It is desirable 
to preserve a long flap of the plantar skin to cover 
the end of the stump. Of course, an amputation 
more distal is preferable. 

Amputations which preserve only the astra- 
galus and the os calcis have important disadvan- 
tages. The insertions of the dorsiflexors are lost 
and the action of the Achilles tendon is unopposed. 
As a result the function of the ankle is decreased. 
Also it is difficult to fit such an amputation with a 
serviceable prosthesis. 

The Syme amputation is probably the best in 
this area. The tibia and fibula are severed just 
proximal to the ankle joint, and the heavy skin of 
the heel is used as the covering, so that an end- 
bearing stump is obtained. The prosthetic appli- 
ance is functionally satisfactory and provides good 
ankle motion. However, it is bulky, and a lady 
who desires a trim ankle would want no part of it. 

Amputations below the knee. The best results in 
this war have been obtained with below the knee 
amputations. The employment of sidebearing 
prostheses permits the patients to bear weight on 
their stumps for long periods of time. The me- 
chanical ankle joint closely reproduces the origi- 
nal, and plastic materials permit the limb to be 
light yet strong. If the patient has lost only one 
leg he may walk with a limp that is all but unde- 
tectable; patients with both legs off below the 
knee walk and even do the intricate modern dance 
surprisingly well. 

There are two mechanical factors to be con- 
sidered in every amputation stump: the lever and 
the muscles which motivate that lever. Below the 
knee the stump is controlled by the quadriceps 
and hamstring muscles which insert into the prox- 
imal end of the tibia. Beyond that insertion the 
stump serves only as a lever, and the muscles 
which were severed at the amputation are no 
longer functional. Consequently, there is no ad- 
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vantage in a long stump. In fact, a long stump 
will have a poor blood supply at the end which 
may give trouble later. Also a long stump does 
not lend itself well to the fitting of a prosthesis. 
The functional length of the stump is in reality 
measured from the hamstrings, but practically the 
length of the stump is measured in terms of tibial 
length. About 6% inches of tibial length is opti- 
mum. Too short a stump will tend to disenvage 
from the bucket of the prosthesis and will re- 
strict the usefulness of the knee. 

In performing the amputation, the anterior flap 
is laid out longer than the posterior in order 
to bring the suture line posterior to the end of 
the tibia. In the dissection back of the posterior 
flap, the fascia is included with the skin. It is 
not desirable to include the fascia in the anterior 
flap as it blends with the periosteum. The tibia 
and fibula are sawed through at the designated 
point. The fibula is subsequently shortened an 
additional 114 inches. By means of an amputa- 
tion knife the muscles are severed at the same 
length as the tibia and are beveled somewhat 
posteriorly. The large vessels are secured and the 
tourniquet is removed. The nerves are drawn 
down gently, severed, and allowed to retract into 
the soft tissues. The end of a nerve must not be 
permitted to become adherent in scar tissue, as a 
painful stump may result. The crest of the tibia is 
beveled to give a well rounded stump. The sub- 
cutaneous tissues are approximated with a few in- 
terrupted sutures before the skin is closed. 

Should the stump be opened after the patient 
has walked for some time, the bone will be found 
to be covered by a glistening, smooth, white fi- 
brous tissue over which the skin moves freely. It 
is important that the suture line lie posteriorly to 
the end of the tibia so that it does not become ad- 
herent to the bone. Laterally, the incisions should 
not be carried too high; otherwise the blood sup- 
ply to the central portion of the flaps may be jeo- 
pardized. In the severing of the muscle, it must 
be remembered that it will retract a little, and un- 
less allowance is made the end of the bone will be 
exposed. The objective is a rounded, not a coni- 
cal, stump. The bone should be clothed by muscle 
laterally, but not over the end. 

The fibula will ordinarily assume a position pos- 
terior as well as lateral to the tibia. It lends re- 
silience to the stump and should be preserved un- 
less it is very short and is abducted so that it 
punches into the skin on weight bearing. In those 
infrequent cases in which the fibula is removed, it 
is necessary to smooth off the shelf of the tibia 
from which it was disarticulated in order to avoid 
a pressure point for a sidebearing prosthesis. 
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Amputations through the thigh. Thigh amputa- 
tions present special problems and are the most 
difficult in which to obtain a good functional re- 
sult. The best mechanical knee does not approach 
the human knee in functional perfection. Also the 
anatomical and physiological considerations are 
entirely different in the thigh than below the knee 
amputations. 

As has been stated the tibial stump acts merely 
as a lever manipulated by muscles inserted in its 
proximal end. In the thigh the problem is much 
more complicated as the femur serves as a lever 
which is manipulated by muscles which insert 
throughout its entire length. Consequently, any 
amputation through the thigh severs muscles 
which motivate the stump. Weakness and muscle 
imbalance result. 

Notable among the problems following amputa- 
tions through the thigh is the decrease in the 
power of adduction. As a result the patient car- 
ries his stump in an abducted position and, when 
fitted with a prosthesis, will tend to walk with a 
waddle gait. When one considers that the ad- 
ductor muscles insert along the entire length of 
the femur down to the adductor tubercle it follows 
that the loss of the power of adduction will be in 
proportion to the level at which the amputation 
was performed through the thigh. 

The Gritti-Stokes is the best of the thigh ampu- 
tations for two reasons: It provides the most 
nearly complete end-bearing stump, and it severs 
a minimum of functional muscles, as the quadri- 
ceps tendon is reattached. Technically, the Grit- 
ti-Stokes offers few problems. The anterior inci- 
sion crosses the insertion of infrapatellar tendon 
and is carried into the knee joint. The skin and 
patella are dissected back as one flap. Poste- 
riorly, the incision crosses the midline just distal to 
the popliteal fold and is carried through the fascia. 
The femur is sawed through the flare of the con- 
dyles, and the posterior half of the patella is re- 
moved including all of the articular surface. The 
patella is secured on the end of the femur by liga- 
tures through drill holes and is further stabilized 
by suturing the patellar tendon and the fascial 
layers. The stump is strong and mobile. An end- 
bearing prosthesis is supplied on which the pa- 
tient can stand for long hours. However, only 
hinges can be provided at the knee joint as there 
is no room in which to incorporate a. mechanical 
knee. 

Amputations through the shaft of the femur call 
for an ischium bearing type of prosthesis and for a 
mechanical knee. The mechanical knee is fitted 
into the prosthesis distally to the stump and in 
order to allow room for its housing it is necessary 





to remove the distal 4 inches of the femur. The 
site of election for a thigh amputation is, there- 
fore, about 4 inches from the end of the femur. To 
amputate distally to this level makes it difficult or 
impossible to incorporate the mechanical knee: 
To amputate proximally to this level is to sacrifice 
functional muscles with resulting weakness of the 
stump which deprives the patient of some of his 
ability to walk well. The longer the stump that 
is left the better the patient will be able to 
walk. 

In performing an amputation through the 
thigh, the incisions are carried down through the 
fascia which is included in the flaps. The muscle 
is severed at the level at which the femur is to be 
severed. Asa result the femur is clothed in muscle 
but no muscle extends beyond it. The end of the 
stump is covered by fascia, subcutaneous fat and 
skin, the fascia being sutured as a separate layer. 
The suture line should not fall directly off the end 
of the femur, but should lie posterior to it. 

Following a thigh amputation, the raw severed 
ends of the muscles will reattach themselves to the 
surrounding structures. If left to himself the pa- 
tient will prop his stump up in a flexed position 
and a flexion contracture will result. This unfor- 
tunate complication can best be prevented by 
holding the stump in a neutral position while heal- 
ing is taking place. 

As soon as the stump has healed, physical ther- 
apy is instituted with a view to strengthening the 
power of adduction and recovering the full range 
of extension of the thigh. 

The amputees who walk least well are those 
who have short thigh stumps and who have de- 
veloped abduction and flexion deformities. They 
walk with a waddle gait due to the abduction of 
the stump and they are unable to employ a normal 
stride because they cannot get their leg under- 
neath and behind them. Also in attempting to 
compensate for the flexion of the thigh they will 
stand and walk with an exaggerated lordosis. 
These patients consiitute quite the worst prob- 
lems encountered in an amputation center. Their 
thigh stump deformities are difficult and at times 
impossible to correct, but can be prevented to a 
large extent by the performing of the amputation 
through the most distal level practicable, by the 
holding of the stump in a neutral position during 
healing, and by the institution of early and vigor- 
ous physical therapy. 

Care after surgery. When the amputation 
stump is well healed it is wrapped tightly with a 
semielastic bandage to facilitate shrinking. The 
bandage is rewrapped several times a day and is 
worn continuously for several weeks. When the 
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stump has shrunk to its permanent size the pa- 
tient is ready for his prosthesis. 

From the day the patient loses his leg until the 
day an artificial one is provided for him, every ef- 
fort should be made to expedite his treatment, 
During the time he is not using his stump for 
weight bearing, the bones become demineralized, 
the muscles atrophy, contractures about the 
joints occur, and a compensatory reliance is 
placed on the opposite leg with resulting postural 
deformity. The sooner a patient resumes weight 
bearing, after an amputation, the better he will be 
able to walk on his newly acquired artificial limb. 

Amputations through the upper extremity. In the 
upper extremity there is no problem of weight 
bearing. The problems are those of grasp and of 
movement. 

The thumb is the most important of the digits 
when it comes to grasping objects. A combina- 
tion of the thumb and any one of the fingers pro- 
vides a useful hand. If the thumb alone remains, 
a prosthetic appliance can be made against which 
the thumb can be apposed. 

Fingers without the thumb will have to be re- 
trained to grasp objects. Even stumps of the 
fingers are useful and particularly so if a stump of 
the thumb remains. 

If all the digits have been lost there is no pur- 
pose in preserving only the carpal bones. Nor is 
there any advantage in a disarticulation at the 
wrist. So far no prosthetic appliance has been per- 
fected which utilized pronation and supination of 
the forearm. 

The site of election for an amputation through 
the forearm is at the junction of the middle and 


lower thirds. The amputation must be far enough 
back from the flare at the wrist so that the stump 
is conical and the prosthesis can be slipped on over 
the end. A short stump is useful, provided enough 
of the ulna remains to transmit elbow motion to 
the appliance. 

Technically, it is desirable to have the scar over 
the end of the stump as the pressure from the 
prosthesis comes on the sides. 

In amputations through the upper arm, the ap- 
pliance is more complicated as it must take over 
the function of the elbow. However, any stump 
that projects beyond the axilla can be fitted with a 
useful prosthesis. If none of the shaft of the hu- 
merus remains the appliance is merely cosmetic. 
The site of election for an amputation through the 
upper arm is just above the flare of the condyles of 
the humerus. It is important to avoid a knob on 
the end of the stump. 

Following the loss of part of the upper extrem- 
ity the most important task of the surgeon and the 
limb fitter is that of training and encouraging the 
patient in the use of his appliance. It is difficult 
for a patient to adjust himself to the loss of an 
arm. His first reaction will be to cover up his loss 
and he will desire an artificial arm for its cosmetic 
value. However, a double hook appliance has a 
much greater functional value than a gloved hand. 

A weight bearing extremity can be more nearly 
replaced than can an upper extremity. Consider- 
able training will be required before a patient be- 
comes accustomed to using and relying on his arti- 
ficial arm. If he is merely provided with a pros- 
thetic appliance and sent on his way he will soon 
have the prosthesis on the shelf. 











PENICILLIN CONVULSIONS 


The Convulsive Effects of Penicillin Applied to the Cerebral 
Cortex of Monkey and Man 


A. EARL WALKER, M.D., F.A.C.S., HERBERT C. JOHNSON, M_.D., and 
JERRY J. KOLLROS, Ph.D., Chicago, Illinois 


LTHOUGH parenteral administration of 
penicillin in large doses is accompanied 
by few or no reactions, such amounts 
applied to the central nervous system 

may cause serious sequelae. Intraventricular, 
intracisternal, intracortical, and subdural injec- 
tion of penicillin in man, monkey, dog, cat, and 
mice may induce convulsive manifestations, status 
epilepticus, and in some cases death (6). In order 
to study these phenomena in greater detail a series 
of experiments have been carried out in the 
macaque monkey. 


EXPERIMENTAL METHODS 


Animals. This study was carried out on a 
series of 20 immature monkeys (Macaca mulatta). 
In one group of 1o monkeys, under nembutal 
anesthesia, 2 burr holes were placed on each side 
of the calvaria approximately 1.5 centimeters 
from the midline. The anterior hole lay over the 
premotor area and the posterior one over the 
postcentral region. In a second group of tro 
monkeys 4 burr holes were placed in the skull on 
each side approximately 1.5 centimeters from the 
midline. The anterior hole was near the rostral 
extremity of the superior limb of the inferior pre- 
central sulcus. The second burr hole was over the 
central sulcus near the junction of the arm and 
leg areas. The third hole was over the gyrus 
between the intraparietal and superior temporal 
sulci—the anterior marginal gyrus—and the 
fourth over the striate cortex just posterior to the 
simian fissure (Fig. 1). After the wounds were 
healed, penicillin in varying concentrations dis- 
solved in 0.10 to 0.05 cubic centimeter of normal 
saline was injected through these holes into the 
cerebral cortex by a hypodermic needle. Follow- 
ing the injection the animals were observed con- 
tinuously for at least 1 hour by two observers, 
and at intervals thereafter for 5 or 6 hours. 
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Penicillin. The penicillin was provided by the 
Office of Scientific Research and Development 
from supplies assigned by the Committee on 
Medical Research for experimental investigations 
recommended by the Committee on Chemother- 
apeutics and Other Agents of the National 
Research Council. Commercial penicillin, made 
by 1o different manufacturers in the forms of 
sodium and calcium penicillin has been used, all 
specimens giving similar results. Crystalline peni- 
cillin was the purified preparation containing 
1,677 Oxford units per milligram of penicillin. 

The antibiotic potency of the penicillin was 
determined by a modification of the agar hole 
method suggested by Fleming. The strength of 
all penicillin solutions used was tested, since con- 
siderable variation from the stated potency was 
found in some specimens. The determinations 
were usually run in duplicate or triplicate. 


EFFECT OF INTRACORTICAL INJECTION 
OF PENICILLIN 


The intracortical injection of 0.05 cubic centi- 
meter of a solution containing 2,000 Oxford units 
of penicillin is followed by a characteristic se- 
quence of events. Within 5 minutes the animal 
appears listless and becomes less active than 
normal. Then myoclonic jerkings of the extrem- 
ities or face contralateral to the side of injection 
appear. If the injection is made in the frontal eye 
or striate area, adversive movements of the head, 
neck, and eyes occur, and the animal tends to 
circle with his body as the axis. If the penicillin is 
applied to the motor area, twitchings of the upper 
or lower extremities appear. At first these myo- 
clonic movements are infrequent, occurring every 
minute or two, but they gradually become more 
frequent. The type of movement is not constant, 
generally flexion of the extremity, particularly 
the distal part, being most prominent, but at 
times extension or abduction predominates. 
Usually, however, the movement is stereotyped, 
and its pattern changes only by the addition of 
other muscular components. After 10 to 15 
minutes the individual myoclonic twitchings de- 
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velop into a series of jerks and tend to spread to 
the remainder of the musculature on the side con- 
tralateral to the injection. Between the attacks, 
the animal appears ill at ease. It may attempt to 
prevent the twitching by grasping the involved 
member with the contralateral forelimb. These 
clonic unilateral attacks may last from a few 
seconds to a few minutes, gradually or suddenly 
decreasing and stopping. Frequently after sev- 
eral such attacks, the fit extends to the opposite 
side of the body and all four extremities become 
involved in the clonic seizure. During the con- 
vulsion the animal may continue to grasp the’bars 
of the cage and may resist any attempt to catch it. 
However, both during and after the fit the animal 
‘_ppears dazed and confused. These generalized 
attacks may last from a half minute to 6 or 8 
minutes. With the longer attacks consciousness 
is lost and for 1 to 2 minutes after the fit the 
animal lies unconscious. As consciousness returns 
the myoclonic twitchings begin again in the 
extremities contralateral to the site of injection 
but rapidly spreading to the entire body. Such 
serial convulsive attacks may last for over 7 hours. 

Rarely, a few minutes after the intracortical 
injection of penicillin a monkey will have a tonic, 
clonic convulsive seizure without a focal begin- 
ning. Such attacks have been observed only on 
2 or 3 occasions in a series of over 100 experiments. 
On one occasion such a generalized seizure was 
observed 2 hours after the injection without pre- 
monitory signs. 

For the purpose of this discussion we have 
classified the attacks as unilateral or local fits and 
generalized or major convulsions, depending upon 
the extent of involvement of the musculature. We 
do not imply, in so far as the convulsive action of 
the penicillin is concerned, that the unilateral fit 
is any less important than the generalized. 


CONVULSIVE THRESHOLD TO PENICILLIN 
IN THE MONKEY 


In a previous paper we have reported the con- 
vulsive threshold for the first group of monkeys 
in this series (6). As further confirmation of the 
previous studies and as a basis for further studies, 
the convulsive threshold was determined in the 
second group of to monkeys. Commercial peni- 
cillin, dissolved in normal saline, was injected 
into the second right anterior burr holes (over the 
motor cortex) with varying concentrations of the 
drug. 

Because the first group of monkeys had been 
injected with large doses first, the order was 
reversed in the second series of experiments. Into 
the right motor cortex of each animal 0.05 cubic 














Fig. 1. Photograph of the convexity of the macaque 
brain to indicate the site of intracortical injections in the 
second series of animals. The circles represent the burr 
holes through which the injections were made. The ab- 
breviations are as follows: C, sulcus centralis; J, sulcus 
intraparietalis; 7P, sulcus precentralis inferior; S, sulcus 
sylvian; SS, sulcus parieto-occipitalis lateralis (simian); 
ST, sulcus temporalis superior. 


centimeter of normal saline containing 250 Oxford 
units of commercial penicillin was injected. Only 
1 monkey had a unilateral fit. Two days later 
each of the group was injected with 500 Oxford 
units in 0.05 cubic centimeter of normal saline. 
One monkey had a generalized fit and 5 had 
unilateral seizures. On the next occasion each 
animal was injected with 1,000 Oxford units 
dissolved in 0.05 cubic centimeter of normal 
saline. Four of the 10 monkeys developed major 
attacks and 5 showed unilateral fits. When the 
group was injected with 2,000 Oxford units of 
penicillin in 0.05 cubic centimeter of normal 
saline, 3 animals developed generalized convulsions 
and 7 displayed unilateral fits. 

The convulsive threshold was similarly de- 
termined for pure crystalline penicillin. The 
injections were made in the premotor and motor 
cortex on the left side. The series of injections of 
2,000 and 250 Oxford units were made into area 8 
and those of 1,000 and 500 Oxford units into the 
motor cortex. The results are shown graphically 
in the histograms (Fig. 2). It is apparent that the 
convulsive threshold for pure crystalline penicillin 
is practically the same as that for the commercial 
penicillin. It is obvious then that the convulsive 
factor is associated with the penicillin and not due 
to a contaminant or impurity. 
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Fig. 2. Histograms showing the convulsive responses 
(generalized fits—solid black, unilateral twitching—lined, 
and no convulsive manifestation—white) to the intracor- 
tical injection of crystalline PP and commercial CP. peni- 
cillin in dosages from 250 to 2,000 Oxford units. The 
abbreviations used are as follows: C, convulsive effects in 
number of convulsions; A, antibiotic effects in Oxford 
units; V, usual calculated effect; EZ, actual experimental 
result. These abbreviations and symbols are used in Fig- 
ures 3, 4, 5, 6, 7, 8, 9. 


Effect of site of injection upon convulsive mani- 
festations. Since the electrical excitability of 
various parts of the cerebral cortex varies, it 
seems probable that the convulsive effect would 
depend to some degree upon the site of appli- 
cation. This hypothesis was tested by injecting 
1,000 Oxford units of penicillin dissolved in 0.05 
cubic centimeter of normal saline in each of the 
right burr holes of the second group of monkeys. 
When the frontal burr holes were injected 3 of the 
10 animals had generalized convulsive seizures 
and 4 developed unilateral attacks. When the 
injections were made into the motor cortex (second 
burr hole) 4 major attacks and 5 minor unilateral 
fits resulted. Injections into the parietal cortex 
induced only 4 unilateral seizures. When the 
drug was applied to the striate cortex, 4 unilateral 
fits occurred. It is then obvious that the reac- 
tivity of the cerebral cortex to penicillin follows 
closely the electrical excitability of the cortex. It 
is apparent that introduction of the drug into the 
cortex of area 8 and area 4 respectively induces 
the greater convulsive activity. Application of 
penicillin to the motor area is perhaps more likely 
to produce a fit than its injection into area 8 
(Fig. 3). 

The convulsive threshold of individual monkeys 
In a group of 9 monkeys over a period of 2 months 
1,000 units of penicillin was injected into the 
cerebral cortex 10 times in each animal. The 
injections were not made through the same burr 
hole. In any one series of injections, however, all 
were made through similar burr holes so that the 
reactions of the animals are comparable. The 
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individual animals had from 3 to 7 seizures from 
the 10 injections. One animal had 3 major and 4 
unilateral attacks. One had 1 unilateral and 2 
major fits. There was no apparent correlation 
between the size or weight of the animal and the 
convulsive response. While in a large series of 
experiments the susceptibility of the individual 
will reveal itself, in a test of only one or two 
injections this susceptibility may not become 
apparent. Thus, in 1 animal generalized epileptic 
seizures were induced by 500 and 2,000 Oxford 
units injected in the motor region on 2 occasions— 
but on a third occasion 1,000 Oxford units in- 
jected in the same area produced no clinical con- 
vulsive phenomena. Repeated injections through 
one burr hole will at times decrease the convulsive 
diathesis, so that the same hole cannot be used for 
more than ro to 12 injections without its con- 
vulsive threshold changing. Probably this in- 
creased resistance to a convulsive response is due 
to scarring in the cerebral cortex, and not due to 
an antipenicillin factor, for injection in another 
site induces fits as before. 


CONVULSIVE FACTOR 
AFTER INACTIVATION OF PENICILLIN 


In the hope that the convulsive factor might be 
separated from the antibiotic factor of penicillin, 
the effect of various methods of inactivation of the 
penicillin on the convulsive factor was studied. 
The following are the techniques for inactivation 
which were employed: aging, autoclaving, boiling, 
acidifying, treating with clarase and dissolving in 
alcohol. 

Inactivation by aging. Two sets of experiments 
were carried out with penicillin which had re- 
mained in the icebox for some time. In the first 
series of experiments penicillin which had aged 
for 2 months was used. A calculated dosage of 
1,000 Oxford units was injected into each of 10 
monkeys. One generalized and 5 unilateral attacks 
occurred in this series as compared to 4 general- 
ized and 5 unilateral fits when fresh penicillin was 
used. This penicillin was found to contain 52 per 
cent of its stated potency so actually the injection 
had contained only 520 Oxford units. 

In the second series a group of 9 monkeys was 
given penicillin which had remained in the icebox 
17 days. An amount equivalent to a calculated 
dosage of 1,000 Oxford units was injected in each 
animal. Instead of the previous response of 2 
major and 4 minor attacks, 1 major and 4 minor 
fits resulted. By assay the penicillin was found to 
be only 60 per cent potent, in other words the 
injected solution contained only 600 Oxford 
units (Fig. 4). 
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Fig. 3. Histograms showing the convulsive effects of 
injection of 1,000 Oxford units of penicillin in the frontal 
F, central C, parietal P and occipital O cortex of 10 ma- 
caque monkeys. The abbreviations and symbols are the 
same as in Figure 2. 


In these two sets of experiments the convulsive 
responses are precisely what would be expected if 
the antibiotic factor were the same as the con- 
vulsive factor. The two factors were diminished 
proportionately by aging. 

Inactivation by boiling. In 3 sets of experiments 
the effect on the convulsive response to boiling of 
the penicillin solution was determined. 

In the first set of experiments the penicillin 
solution was boiled for 30 minutes in a water bath. 
Injection of a calculated 1,000 Oxford units in 
each of ro monkeys produced 1 generalized and 1 
unilateral attack. Assays of this penicillin showed 
its potency to be about 65 per cent of the cal- 
culated value. 

In a second set of experiments the penicillin was 
boiled for 1 hour. Injection of a calculated 1,000 
Oxford units into ro monkeys induced no con- 
vulsive phenomena. Assay of the penicillin 
solution showed it to be about 10 per cent of its 
calculated potency. 

In the third series the penicillin solution was 
boiled for 30 minutes in a water bath, and sub- 
sequently made up to its original volume. In- 
jection of a calculated dosage of 1,000 Oxford 
units of this solution in 9 monkeys produced 4 
unilateral seizures instead of 2 generalized and 4 
unilateral fits as induced by the same calculated 
dose of untreated penicillin. The penicillin solu- 
tion on assay was found to have about 10 per cent 
of its calculated potency (Fig. 5). 

In these 3 sets of experiments, boiling the 
penicillin solution caused a marked alteration in 
the antibiotic and convulsive factors. The de- 
crease, however, was not quite proportional, in the 
third set of experiments the antibiotic factor 
being decreased more than the convulsive, and 
the reverse being true in the first set of experi- 
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Fig. 4. Histograms to show the effect of aging the peni- 
cillin on the convulsive and antibiotic factors. In both 
series of experiments the convulsive and antibiotic factors 
appear to be equally affected. 


ments. In the second set the antibiotic and con- 
vulsive factors were proportionately decreased. 

Inactivation by autoclaving. In 3 series of ex- 
periments the penicillin powder was autoclaved 
for 1 hour at 240 to 250 degrees F. It was then 
dissolved in normal saline. 

In a first series a calculated 1,000 Oxford units 
of penicillin was injected in 10 monkeys and 
induced 2 unilateral fits. With untreated peni- 
cillin in this dosage 4 generalized and 5 unilateral 
attacks usually resulted. Assay of this autoclaved 
penicillin showed its potency to be about ro per 
cent of its calculated value. 

In the second series of experiments a calculated 
1,000 Oxford units was injected into 10 monkeys 
inducing 1 unilateral fit instead of the 4 general- 
ized and 5 minor seizures. Assay of the auto- 
claved penicillin showed its antibiotic potency 
was about 10 per cent of its calculated value. 

In the third series a calculated 1,000 Oxford 
units was injected intracerebrally into 9 monkeys, 
producing 2 major and 3 unilateral fits, as com- 
pared to 2 major and 4 unilateral seizures with 
untreated penicillin. Assay of this penicillin 
showed that its antibacterial potency was 99 per 
cent destroyed (Fig. 6). 

In these 3 experiments the convulsive and anti- 
biotic factors were reduced by autoclaving the 
penicillin. In the third experiment the antibiotic 
factor was reduced much more than the convulsive 
but in the first and second sets of experiments 
they were proportionately reduced. 

Inactivation by clarase. In two sets of experi- 
ments the penicillin was inactivated by clarase as 
described by Stanley. Injection of a calculated 
1,000 Oxford units produced no seizures in either 
set of experiments and the antibiotic action was 
found by assay to be reduced more than gg per 
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Fig. 5. Histograms to show the effect of boiling the 
penicillin solution on the convulsive and antibiotic factors 
in three series of experiments. The impairment of the 
potency of the two factors in these series is not quite pro- 
portional. 


cent of its calculated value. The convulsive and 
antibiotic factors are obviously about equally 
reduced by the treatment with clarase (Fig. 7). 

Inactivation by other means. Dissolving peni- 
cillin in absolute alcohol decreased its antibiotic 
power. In 1 series of experiments an alcoholic 
solution of penicillin calculated to contain 2,000 
Oxford units was injected into 9 monkeys. Such 
a dosage of untreated commercial penicillin had 
previously given rise to 8 major and 1 minor 
attack. In this experiment 5 major fits and 1 
unilateral fit occurred. The penicillin was found 
by assay to have approximately 70 per cent of its 
calculated potency (Fig. 8, 1). 

Acidification of the penicillin by concentrated 
hydrochloric acid with subsequent neutralization 
by sodium hydroxide was found to abolish both 
the antibiotic and convulsive factors in one series 
of experiments with 9 monkeys (Fig. 8, 2). 

In general, inactivation of the penicillin pro- 
duced a proportionate decrease of antibiotic and 


1000 
































NE NE 
., * 


lig. 7. Histograms to show the inactivation of both 
convulsive and antibiotic factors by clarase in two series of 
experiments. 


SURGERY, GYNECOLOGY AND OBSTETRICS 


1000 

















10 


te) 
lS 
Ic 



































NE NE WN 





Fig. 6. Histograms to show the effect of autoclaving the 
dry penicillin on the convulsive and antibiotic factors. In 
the first two series of experiments the two factors are 
approximately equally decreased, but in the third series the 
antibiotic factor is disproportionately inactivated. 


convulsive factors. However, the results of auto- 
claving in one series of experiments and of boiling 
in another series of experiments suggests that the 
two factors may be differentially influenced. The 
more susceptible factor appears to be the anti- 
biotic. 


INFLUENCE OF THE CONDITION OF THE CEREBRAL 
CORTEX ON THE CONVULSIVE FACTOR 


Although penicillin appeared to induce the 
convulsive state in experimental animals, reports 
of such complications in clinical use were very 
infrequent. Even when the drug was instilled 
into wounds of the cerebral hemispheres, no ill 
effects developed (4). It seemed possible that this 
lack of convulsive complications in the human 
cases might be due to the fact that the drug was 
being administered into abnormal and frequently 
sclerotic tissue. Also we had observed that if the 
cerebral cortex was destroyed by the injection of 
formalin (commercial 37 per cent formaldehyde), 
subsequent injection of penicillin even in very 
large doses did not induce fits. To test this 
hypothesis, after determining the convulsive re- 
action of the first series of 9 animals to intra- 
cerebral injection of 1,000 Oxford units of peni- 
cillin, we operated upon each of the animals and 
removed the cerebral cortex beneath the burr 
hole, placing a small gelatin sponge in the defect. 
Injections of penicillin were made through the 
burr hole each day for the first postoperative 
week and on the tenth and fourteenth postoper- 
ative days. At the conclusion of this experiment 
the burr hole on the opposite side of the head was 
injected in each animal with 1,000 Oxford units to 
show that the general convulsive reactivity had 
not changed. The results of these experiments 
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Fig. 8. Histograms to show the effect on the convulsive 
and antibiotic factors of dissolving the penicillin in alcohol, 
1, and of acidifying it with hydrochloric acid and neutral- 
izing it with sodium hydroxide, 2. 


are given in Figure 9. It is obvious that except for 
the third and fourth postoperative days, the 
convulsive threshold was much higher than that 
preoperatively or on the opposite side postopera- 
tively. We are therefore inclined to believe that 
the cellular reaction and inflammatory change 
about a wound of the cerebral cortex protects it 
from the convulsive effects of penicillin, probably 
by preventing the diffusion of the drug. 


ELECTROENCEPHALOGRAPHIC MANIFESTATIONS 
OF THE CONVULSIVE EFFECTS OF PENICILLIN 


The alterations in the cortical potentials fol- 
lowing intracortical and subdural application of 
penicillin have been followed by both electro- 
encephalography and electrocorticography. To 
eliminate artefacts due to muscular activity for 
the latter type of study, the monkeys have been 
curarized and respiration maintained artificially. 
This procedure as well as the incision of the scalp 
has been carried out only after thorough infiltra- 
tion of the skin by 1 per cent novocain. Small 
perforations, made in the bony calvaria allowed 
the insertion of screw electrodes so firmly that 
movement artefacts were eliminated. The elec- 
trocardiogram was obtained from needle electrodes 
inserted in the muscles of the two forelimbs. The 
amplifiers used for augmenting the electrocortico- 
gram, electroencephalogram, and electrocardio- 
gram were two sided resistance-capacity-coupled 
machines with direct coupling between the last 
two stages, working into an inkwriting oscillo- 
graph. 

When the penicillin was injected into the 
cerebral cortex, no detectable change in the cor- 
tical activity was seen for 2 to 5 minutes. Then in 
the leads about the site of the injection sharp 
spikes, monophasic or diphasic, of 200 to 300 
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Fig. 9. Histograms showing the effect of cortical abla- 
tion upon the convulsive responses in a group of 9 monkeys 
to injection of 1,000 Oxford units of commercial penicillin. 
The convulsive responses before ablation, Cz, and those on 
the postoperative days as indicated by numbers are shown. 
The responses to injection of a comparable area on the 
opposite side of the brain is indicated in, C2, 2 weeks after 
the ablations. 
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microvolts amplitude began to appear and re- 
curred every few seconds. After 1 to 2 minutes 
these spikes became coupled and practically 
synchronous spikes appeared in all leads from the 
side on which the penicillin had been applied. 
With small dcses of penicillin little abnormal 
cortical activity was present on the opposite side 
of the head, although with large doses of peni- 
cillin (2,000 to 10,000 Oxford units) spikes ap- 
peared within a few minutes in leads from that 
side of the calvaria. Spikes increased in frequency 
and tended to group themselves into runs or 
spindles of 6 to 8 irregularly spaced spikes. These 
runs increased in length, at times lasting for 1 to 2 
minutes (Fig. 10). Even such lengthy fits were 
unaccompanied at times by a distinctly abnormal 
electrocorticogram on the side opposite the in- 
jection. Usually at first the spikes forming a long 
run would be fairly regular at a frequency of 
approximately 10 per second. As the attacks 
increased in frequency and severity, the regu- 
larity at the beginning of the seizure became less 
pronounced and gave way to a disorderly series of 
large amplitude spikes. Toward the end of a 
seizure initially there was a tendency for espec- 
ially large spikes to occur at intervals of approx- 
imately 0.5 second. Later this phenomenon was 
less frequently observed. At the conclusion of a 
seizure the cortical activity was markedly 
diminished. When the attacks had been recurring 
for an hour or more, the cortex was usually iso- 
electric for 30 to 40 seconds after the individual 
fits. Then spikes appeared, at first every few 
seconds, but rapidly becoming more frequent and 
shortly occurring almost continuously. As the 
attack progressed the spikes became of larger 
amplitude and greater frequency. After 1 to 2 
minutes of high amplitude, rapid activity, the 





spikes became irregular and usually suddenly 
At times the end of the attack was less 
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Fig. 10. Electrocorticograms taken from electrodes screwed into the calvaria of a ma- 
caque monkey prepared under novocain regional anesthesia, curarized and artificially 
ventilated. The control record is shown, A. Three minutes after injection of 500 Oxford 
units of penicillin into the left motor cortex spikes appear in the left frontoparietal leads, 
B. Within 2 minutes these spikes occur in the left parieto-occipital leads synchronous 
with those in the frontal region (the apparent asynchrony of these spikes in the tracing is 
due to the malalignment of the pens to prevent interference when large swings occur), 
C. Seven minutes after the application of penicillin a unilateral fit appears, D. During 
the next 3 hours 1500 Oxford units of penicillin were injected into the left motor cortex, 
making a total of 2,000 Oxford units applied. Four hours after the initial injection a 
generalized seizure appeared, E and F. Note that just before the convulsion the cortical 
activity is markedly depressed as compared to the initial electrocorticogram. An interval 
of 1 second is indicated by the horizontal line at the base of the records, and a calibration 
of 60 microvolts by the vertical line at the right. The abbreviations are as follows: 
RF-O, electrocorticogram obtained from screw electrodes in the right frontal and right 
occipital regions; LF—P, electrocorticogram obtained from screw electrodes in left frontal 
and left parietal regions; LP-O, electrocorticogram obtained from screw electrodes in 
left parietal and left occipital regions; EKG electrocardiogram obtained from needle elec- 
trodes in muscles of both forelimbs. 


abrupt, consisting of bursts of spikes of dimin- hours (Fig. 11). 





ishing frequency. At the end of the attack the The electroencephalographic and clinical mani- 
cortical activity was frequently abolished for 1 to 








2 minutes until another attack started. We have 
followed such serial attacks for as long as 14 





festations may be correlated. The initial spikes 
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Fig. 11. 


Oxford units of commercial penicillin to the left motor cortex of a macaque monkey. 


as in Figure ro. 


seen in the electroencephalogram were manifested 
clinically by the twitches or jerks of the extrem- 
ities. When the spikes become continuous the 
contralateral extremities exhibit a clonic seizure, 
stopping when the spikes cease. When the spikes 
appear on both sides of the calvaria, the seizure 
becomes generalized. Again the bilateral discrete 
spikes are associated with twitching of the extrem- 
ities, and when they become continuous clinically 
a clonic seizure occurs. Following the generalized 
attack, the inactivity of the cortical potentials 
corresponds to the postepileptic stupor or coma. 
As the cortical activity reappears, the animal 
begins to regain consciousness. 

Not infrequently following a unilateral attack 
a paralysis of the involved limb or limbs (Todd’s 
paralysis) is noted. This condition has an electro- 
encephalographic correlate in the diminished or 
absent cortical activity in the opposite motor 
area. When the unilateral attacks are frequent 
both the paralysis and decreased cortical activity 


aap 





i S Dae aA e, Ash 4 ryt 
ne A aa) vert xy yur WA } saa a Hf os 
ate Peak ot eed aa 





haan ee a ete inacaliintinn noah spdinenahechiaadia sain io io fied 


A continuous recording of a unilateral convulsion which occurred 10 minutes after the application of 500 


The abbreviations are the same 


may persist for hours. Asa corollary the activity 
of the cortex at the site of injection and of the 
contralateral extremities may be less during a 
major or generalized attack than that of the 
opposite cortex and ipsilateral extremities. 


DISCUSSION 


It was thought possible that the convulsive 
manifestations produced by the application of 
penicillin to the cerebral cortex might be due to 
impurities in the commercial penicillin. However, 
as more and more commercial preparations were 
tested, and all gave predictable results, and as the 
various methods of inactivation, in general, 
affected the antibiotic and convulsive factors 
approximately proportionately, it seemed more 
likely that the penicillin itself was the responsible 
factor. When pure crystalline penicillin was made 
available this hypothesis was proved correct. The 
precise nature of the chemical reactions involved 
remains to be determined. 
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Fig. 12. Human electroencephalograms showing the effects of intracortical injection in 
the left occipital region of 20,000 Oxford units of penicillin. The patient noted only a 
queer feeling and exhibited no motor manifestations of convulsive phenomena. The con- 
trol record, A, showed little spontaneous activity. The remainder of the records were 
taken at time intervals as indicated after the injection. The leads 2, 2, and 3 were 
triangulation skin electrodes placed about the burr hole through which the injection was 
made. The electroencephalograms LO-V and RP-V were obtained from skin electrodes 


in the left occipita' aud right parietal regions respectively with a common skin electrode 
at the vertex. The horizontal line at the base indicates an interval of 1 second and the 
vertical line at the right a calibration of the electroencephalograph for 60 microvolts. 


Fortunately, the convulsive manifestations are 
induced only by doses much larger than required 
for therapeutic purposes in most cases. A level of 
1 to o.5 unit per cubic centimeter of spinal fluid is 
quite sufficient for the antibiotic action of the 
drug—and this level is far below the convulsive 
threshold even for the monkey. It appears that 
in man still larger amounts are necessary for in- 
duction of seizures. Thus Neymann has found 
that intracisternal injection of 30,000 to 50,000 
units of penicillin in man may induce a status 
epilepticus with a fatal outcome. 

i» We have observed convulsive manifestations 
following intraventricular injection of the drug 
(2). 

Intracortical injection of penicillin in man may 
give rise to both electroencephalographic and 
clinical manifestations of seizures. On one oc- 
casion 5,000 Oxford units were injected into the 





occipital cortex without reaction. But an injec- 
tion of 20,000 Oxford units in the same area 
induced electroencephalographic alterations with- 
out clinical concomitants (Fig. 12). Injected near 
the motor area of a child, 10,000 Oxford units 
have given rise to twitching of the face and hands 
for 3 hours as well as to electroencephalographic 
manifestations of a fit. 

Lumbar intrathecal injection of penicillin even 
in large amounts has not induced convulsive 
manifestations probably due to the fact that the 
diffusion of the drug is slow, and its absorption 
rapid. Hence the concentration of the drug in the 
cisterna magna rarely reaches a concentration 
greater than 1 per cent of the injected amount 
(7). Even though 100,000 Oxford units of peni- 
cillin were given in the lumbar region, the cis- 
ternal concentration would not be higher than 
1,000 units per cubic centimeter and the concen- 
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tration of the drug in the subarachnoid fluid over 
the brain probably much less. 

The systemic administration of penicillin even 
in large doses rarely causes appreciable amounts 
of the drug to reach the spinal fluid. It is true 
that in some cases the administration of penicillin 
may alter the electroencephalogram (7), however, 
we know of no instance in which a fit has taken 
place. 

The local application of penicillin to the cere- 
bral cortex and its injection in cerebral abscesses 
has been practiced without apparent adverse 
effect. Since a layer of scar tissue or a pyogenic 
membrane prevents the rapid absorption of 
penicillin, the likelihood of convulsive manifest- 
ations would seem minimal. It is noteworthy 
that the penicillin may remain in brain abscess 
cavities for many days without apparent ill effect. 


SUMMARY 


Penicillin may induce convulsions in monkey 
and man when applied to the cerebral cortex. The 
effect is not due to impurities, since crystalline 
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penicillin causes the same effect in equivalent 
doses. The convulsive threshold is lowest in the 
motor area, higher in the premotor and frontal 
regions, and highest in the occipital and parietal 
cortex. Inactivation of the penicillin usually 
affects the convulsive and antibiotic factors pro- 
portionately but a few exceptions have been 
found. Electroencephalographic manifestations 
accompany and may be correlated with the clin- 
ical convulsion. 
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ORGANIZATION OF THE 
MEDICAL DEPARTMENT OF 
UNITED STATES ARMY 


HE response to an editorial concern- 
ing the organization of the Medical 
Department of the United States 
Army in comparison with that of the Red 
Army made it obvious that many doctors, 
both in and out of the Service, were interested 
and concerned. 
On April 18, 1945, War Department Circu- 
lar No. 120 was issued: 


se 


1. The Surgeon General of the Army is the chief 
medical officer of the Army and the chief medical 
adviser to the Chief of Staff and the War De- 
partment. To discharge his responsibility in this 
capacity, The Surgeon General will— 

‘‘a, Make recommendations to the Chief of Staff 
and the War Department General and Spe- 
cial Staffs on matters pertaining to the 
health of the Army including recommenda- 
tions relative to the utilization of medical 
facilities, equipment and personnel. 

‘*b. Prepare for publication, subject to War De- 
partment approval, WD directives contain- 
ing general policies and technical procedures 
which have an Army-wide application to 
matters pertaining to the health of the 
Army. 
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**c. Exercise technical staff supervision, in con- 
formity with War Department directives, to 
assure maximum possible utilization of the 
medical means available. 

‘*d. Make technical inspections relative to mat- 
ters pertaining to the health of the Army. 
These inspections will be made in such a 
manner as not to interfere unduly with the 
training or other activities of troops or in- 
stallations visited, and will be fully coordin- 
ated with the commanding generals of the 
major forces, commands, departments or 
theaters concerned. 

**2. To enable The Surgeon General to discharge ef- 
fectively these responsibilities, all plans and 
policies of Army-wide medical aspects will be co- 
ordinated with The Surgeon General. 

‘*3. a. Communications on matters pertaining to 

medical activities of the Army as a whole 

which involve the establishment of policies 
or procedures, or changes therein, will be 
addressed to the Chief of Staff or The Sur- 
geon General, whichever is appropriate, and 
will be forwarded through the Commanding 

General, Army Service Forces, who will ex- 

pedite forwarding the communication with 

the least practicable delay with such re- 
marks and recommendations as may be 
appropriate. 

Direct communication is authorized between 

The Surgeon General, The -War Depart- 

ment, and the three major commands on 

matters of a routine nature. 

‘4. In addition to the duties prescribed above, the 
provisions of Circular No. 59, War Department, 
1942, which place The Surgeon General under the 
Command of the Commanding General, Army 
Service Forces, remain in effect. 

‘*5. The commanding generals of the major forces, 
commands, departments, or theaters are respon- 
sible for the internal organization and the ef- 
ficient operation of the medical service of their 
respective commands in accordance with War 
Department policies and plans.” 


ssh. 


Paragraphs 1 and 2 of this circular would 
appear to answer the criticism that at present 
the Surgeon General of the United States 
Army does not have direct access to the Chief 
of Staff. Practically, however, paragraphs 4 
and 5 nullify that which has gone before. 

In other words, the situation remains exact- 
ly as it has been and there is a great amount of 
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evidence to show that the Medical Depart- 
ment of the United States Army performed its 
tasks in an outstanding manner in this War 
against almost insuperable difficulties, handi- 
caps, and obstacles which were placed in its 
way by a complex organization. 

The Surgeon General of the United States 
Army should have complete control of all 
medical policy in the air, ground, and service 
forces, and his surgeons in theaters of opera- 
tions should have a similar overall function of 
command. It is agreed upon that the medical 
components ofa division, air wing orof an army 
should be subject in their tactical duties to the 
commanding general of the combat force. The 
complexity of organization, however, which 
makes it necessary for the Surgeon General or 
the surgeon of a theater to go through the line 
of command, beginning with the commanding 
general of the service force to the chief of 
staff or theater commander and then down to 
the commanding general of a ground or air 
force to implement matters which concern 
the treatment of the wounded, invites delay, 
confusion, and inefficiency. To argue that be- 
cause the Medical Department has performed 
such a marvelous feat in this war in taking 
care of the wounded under the present organ- 
ization is the reason that no change should be 
made in the organization of the Medical De- 
partment within the Army, is to forget the tre- 
mendous contributions of the civilian surgical 
profession who voluntarily constituted over go 
per cent of the Medical Corps in this war. 
Likewise, to charge the Surgeon General’s Of- 
fice with a deliberate wastage of doctors is to 
forget that under the present organization 
the Surgeon General or the surgeon of a 
theater are practically nothing more than 
supply officers subject to the whims of laymen 
line officers who order the disposition of med- 
ical supplies and men. Therefore, the Sur- 
geon General must have an oversupply at all 


times in order to avoid being short at a crit- 
ical time. 

There seems to be no logical reason why the 
Surgeon General should not have complete 
independence of command regarding all mat- 
ters pertaining to the treatment of casualties 
in all forces of the Army and a direct re- 
lationship with the Chief of Staff of the Army, 
and the surgeon of a theater be in the same 
position with the commanding general of 
that theater. To know in advance of the de- 
tails of a campaign would make it possible for 
the Medical Department to plan more accu- 
rately and more efficiently. To be required to 
depend for the implementation of medical 
policies upon laymen who are line officers and 
who know nothing of medicine or the admin- 
istration of medical and surgical policies only 
contributes to the multiplication of the ob- 
stacles vhich had to be surmounted by the 
Medical Department during this war. 

The most recent example of the indecision 
and procrastination attributed to the Medical 
Department of the Army, and yet due to the 
complexity of the organization and line of com- 
mand, has been evidenced with reference to the 
problem of the medical branch of the Army 
Specialized Training Program. The Surgeon 
General of the Navy has already announced 
that on December 1, 1945, the Navy medical 
training program will terminate, and the stu- 
dents will be inactivated at the end of the next 
school term. The Army has made no such 
statement although there are 7,959 students 
enrolled in their program at a total yearly ex- 
pense to the Government of nine million dol- 
lars. It has been evident for some time that 
the Surgeon General’s office is fully aware of 
the value of educating medical students ac- 
cording to the standards of the medical schools 
and medical profession of this country. There 
have been many statements from that office tes- 
tifying to the contributions of our well trained 
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and well educated doctors to the care of the 
wounded in this war. It is obvious that line 
Army officers, that is to say the general staff 
of the Army, are again making it difficult for 
the Medical Department to implement a pol- 
icy which the Navy promptly effects because 
the Bureau of Medicine and Surgery has inde- 
pendence of action regarding purely medical 
matters. The Navy apparently is aware that 
young doctors must be attracted to its service 
by the educational and professional opportu- 
nities which it offers and that legislation and 
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regimentation can never accomplish the result 
which they desire. 

Section 4 of War Department Circular No. 
120, April 18, 1945, accomplishes nothing ex- 
cept a restatement of existing conditions. 
Whatever the purpose of the issuance of this 
circular, the civilian medical profession 
should recognize that it solves none of the dif- 
ficulties under which they served the Medical 
Department of the United States Army during 
World War II. 

Loyal Davis. 
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series of five medical textbooks published under 

the editorship of Dr. Fred C. Zapffe. Like its 
companions, the Anatomy is designed “‘to present 
authoritatively the basic foundation and to omit 
non-essentials.”” 

Dr. Mainland’s pedagogical method is based upon 
the following beliefs: that the chief function of 
medical and dental undergraduate education is to 
aid students in learning how to educate themselves; 
that the entire undergraduate course should be uni- 
fied; that gross anatomy can contribute most ef- 
fectively to a medical education when it introduces 
the student to some clinical principles. 

Throughout Dr. Mainland’s book are abundantly 
distributed broad, simple statements, on clinical 
matters, and in such a way that beginners can easily 
grasp the essential features. The book does not 
cover the work necessary for all courses and exami- 
nations, but does contain information, ideas, and 
methods believed likely to have lasting value; to 
them, and from other sources, the student can easily 
add such extra information as teachers or examiners 
require. Some of the information in this book is 
not to be found in other textbooks of anatomy. 

For the beginner in anatomy there is a Part I 
(Aims and Methods), a Part II (General Anatomy) 
covering the body as a whole, preliminary material 
on bones, joints, muscles and fasciae, blood vessels, 
lymphatics and nerves, and skin. When study of a 
region progresses’ to a more careful examination of 
muscles, vessels and nerves, etc., the student uses 
descriptions in Part III. Each description consists 
very largely of schemes that have been found work- 
able for constructing mental pictures. They are 
so written as to save space, study time and effort 
by avoiding repetition—the accounts of nerves and 
vessels being composed in such a way that standard 
pattern of treatment is followed, and the accounts 
made interlocking. Many details, formerly thought 
important, are omitted, but the student is encour- 
aged to acquire detail upon occasion of need. The 
author assumes that the student will make use of 
pictures elsewhere available; these, admittedly, ob- 
viate the need for lengthy verbal description. The 
illustrations, 61 in number, are chiefly diagrams in- 
troduced to simplify or elucidate special features of 
structural pattern. 

Instructions are also introduced for dental stu- 
dents. Although the book is designed primarily for 
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students, graduates would find value in the same 
material. There are appended instructions, on gen- 
eral mammalian anatomy, for students who will 
not become surgeons. There is a very serviceable 
appendix containing tabular data on ossification, 
one on normal weights of organs, another on 
cutaneous innervation. 

The arrangement of the text material is conven- 
ient, the style encouraging and sometimes chatty. 
The text is replete with guiding questions (337 in 
number), the answers to which appear in an appen- 
dix. There are hundreds of selected references, 
chiefly to recent articles. Dr. Mainland’s Anatomy 
is unique; its preparation represents a task of major 
proportions. Barry ANSON. 


HE fourth edition of Kolmer and Boerner’s A p- 
proved Laboratory Technic? has been completely 
revised. The format and type have been changed 
which enabled the authors to add a large amount of 
new material with an increase of only 96 pages. 
New sections have been included on methods for 
the examinations of saliva, virological examinations, 
pancreatic functional tests, examination of blood 
and urine for hormones and vitamins, also the prep- 
aration and preservation of plasma and serum for 
transfusions. The sections on parasitology and 
mycology have been enlarged and greatly improved 
by the addition of many illustrations. The Eagle 
modification of the Wassermann test and the floc- 
culation tests of Boerner, Jones and Lukens, and of 
Mazzini have been added to the section on serology. 
All of the important new methods have been in- 
cluded; among them, Hanger’s cephalin flocculation 
test for liver function, the technique for Rh factor, 
the copper sulfate method for specific gravity of 
whole blood and plasma, testing the susceptibility 
of bacteria to penicillin and the demonstration of 
penicillin in blood, exudates, and other body fluids. 
In the section on chemical procedures there is a 
discussion of the two types of photoelectric col- 
orimeters in general use with the adaptation of 
various methods to their use. The techniques for 
many determinations have been added, such as 
potassium, sodium, acid phosphatase, amylase, inor- 
ganic sulfur, and serum bilirubin. 
The general character of the book has not been 
changed, although the subject matter has been re- 


2APPROVED LABORATORY TECHNIC; CLINICAL PATHOLOGICAL, BaAc- 
TERIOLOGICAL, MYCOLOGICAL eaceoreenggys By ohn A, Kol SEROLOG- 
ICAL, BIOCHEMICAL AND HisTovocicat. ohn >. Kolmer, M.S., 

D., Dr. P.H., Sc.D., LL.D., L.H.D., FA .P., and Fred Boerner, 
— -D. 4th ed. New York and London: D. Appleton-Century Co., 
NC., 1945. 
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organized in a more logical sequence. The new 
material has made the book more balanced on all 
types of clinical laboratory work than previous 
editions. Although there are 34 fewer black and 
white figures, it is still well illustrated. Six new 
colored plates have been added, three of which are 
of malarial parasites. The uniform method of pre- 
sentation of each test—that is, the principle, the 
technique, and the sources of error— makes the book 
an excellent laboratory guide for technicians. The 
interpretation or significance of the results of the 
tests is only briefly discussed. This volume is there- 
fore a companion book for Clinical Diagnosis by 
Laboratory Methods by the senior author. As a 
laboratory guide and reference book, it should be 
available to every clinical pathologist and laboratory 
technician. Opa E. HEpLer. 


FOR those who have been privileged to visit the 
Burn Unit of the Royal Infirmary, Glasgow, 
their report Studies of Burns and Scalds' is an ex- 
ceedingly interesting book. It is of general interest 
too because of the methods used in combining labor- 
atory studies with clinical observations by Leonard 
Colebrook, A. M. Clark, J. P. Todd, A. Brown, 
T. Gibson, and A. B. Anderson. 

At the Royal Infirmary, Glasgow, wards have 
for many years been set aside for the treatment of 
burns, and a larger number of these injuries is dealt 
with there than at any other hospital in the British 
Isles (about 1,000 fresh cases every year). In these 
wards, 10 years ago, Dr. Robert Cruickshank made 
an important contribution to the bacteriology of 
burns, showing that, in many instances, infection by 
hemolytic streptococci develops within a few days 
after admission to hospital and is by far the most 
serious complicating factor. He also observed— 
probably for the first time—that hemolytic strep- 
tococci were frequently present in considerable num- 
bers in the air of the burns wards, whereas they 
were found only in small numbers in the general 
surgical wards and not at all (in his experience) in 
the medical wards of the hospital. 

It may be of interest to those acquainted with 
British medicine to list the members of the Burns 
Subcommittee, viz.: Sir Ernest Rock Carling, R. B. 
Bourdillon, Professor G. R. Cameron, W. E. Chies- 
man, A. M. Clark, L. Colebrook, Brigadier F. A. E. 
Crew, D. P. Cuthbertson, A. N. Drury, Surgeon- 
Captain A. Fairley, C. H. S. Frankau, Sir Harold 
Gillies, A. H. McIndoe, F. J. McQuillin, Major 
General D. C. Monro, Professor R. S. Pilcher, 
Major General L. T. Poole, Surgeon Rear Admiral 
C. P. G. Wakeley, L. T. D. Williams, Professor 
W. C. Wilson, and F. H. K. Green, Secretary. 

This report contains chapters on “ First Aid Treat- 
ment,” “Control of Infection,” ‘‘ Replacement Ther- 
apy,” “Blood Changes,” ‘Chemical Changes,” 
“Post-Mortem Findings,” and they are of such in- 


1SruprgEs OF BurNs AND Scatps; Report of the Burns Unit, Royal 
Infirmary, Glasgow, 1942-43. Medical Research Council Special Report 
Series No. 249. London: His Majesty’s Stationery Office, 1944. 
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dividual observations and conclusions that review- 
ing and condensing them might be misleading for 
both the authors and readers. 

The use of cetyl trimethyl ammonium bromide, a 
detergent for first aid use and cleansing, is fully 
described and the formulas for various creams are 
given. The detergent has been given a trade name of 
“‘cetavion.”” This agent combined with sulfonamide 
3 per cent in a cream of castor oil, beeswax, wool fat, 
cetyl alcohol, glycerin and water, is the one that 
much has been heard of and is used on burned areas 
before “‘plenary”’ treatment. 

For dressing after plenary care, a mixed sulfona- 
mide cream of sulfanilamide 3 per cent and sulfa- 
thiazole 3 per cent in glycerin, castor oil, lanette 
wax (proprietary), and water is described, as well as 
a penicillin cream—the same base with about 120 
units per gram. A brief reference is made to propami- 
dine 0.1 per cent cream with a caution about using 
it because of unknown action. Propamidine is 
diamidinodiphenoxpropane dihydrochloride. 

Colebrook’s laboratory methods are described and 
illustrated and outlines and rules for the conduct of 
burns units and wards are given. 

This work is highly commendable and everyone 
caring for burns on large services will want to have 
it for study and reference. 

This reviewer, along with Colonels Loyal Davis 
and Eugene Bricker, had the advantage of personal 
interviews with Dr. Colebrook and his associates at 
Glasgow and this note is added as warm appreciation 
of their help and interest and of their work. 

James B. Brown. 


o b~ book La radiologta en los dolores lumbares y 
ctaticos* is from the Radiodiagnostic Section of 
the Institute of Radiology of the Faculty of Med- 
icine of Montevideo, published under the direction 
of Professor Pedro A. Barcia. 

Cassinoni’s work is an excellent example of a 
thoroughly planned and executed radiological con- 
sideration of a very important subject. The author 
predicates his effort on the concept that the phy- 
sician of the future will utilize the real value and 
diagnostic possibilities of his profession only if he 
insists upon a complete collaboration between the 
radiological and other findings of clinical medicine. 
The radiological examination is not a laboratory 
procedure but a clinical procedure. The effective- 
ness of its use depends on the familiarity of the 
radiologist with the clinical aspect of the subject 
under study. Systematically and very thoroughly 
the author takes up first under general considera- 
tions the value and limits of the radiological ex- 
ploration as considered from the standpoint of 
anatomy. Then the lumbosacral spine is considered 
from the standpoint of affections of the osseous 
system in general, and of the iliolumbosacral region 
in particular, including spondylitis of various or- 


3LA RADIOLOGIA EN LOS DOLORES LUMBARES Y cfaTicos (Roentgen 
Diagnosis of Lumbar and Sciatic Pains). By Mario A. Cassinoni. 


Buenos Aires: Libreria y Editorial ‘“‘E] Ateneo,” 1942. 
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igins, especially tuberculosis; spondylosis, including 
Calve’s disease; spondylarthritis, acute and chronic; 
and spondylarthrosis of various origins. Next 
comes a section devoted to the intervertebral disc, 
its importance and diagnosis. Further sections in- 
clude such lesions as spina bifida occulta, trauma- 
tism, primary and secondary tumors, hydatidosis, 
and dystrophic diseases. A final section is devoted 
to anomalies of development of the lumbosacral 
region, spondylolisthesis, sacroiliac arthritis and 
arthrosis. In the course of the book myelography 
receives due consideration. James T. Case. 


HE concise and well correlated style of Lyle’s 

Neuro-Ophthalmology! makes this book a must 
on the shelves of every neurologist and ophthal- 
mologist. The language is simple and to the point. 
A vast majority of the intracranial conditions in- 
volve also findings relative to the eyes. The cor- 
relation of the ophthalmological] findings to their 
neurological background as emphasized by this 
book can be well appreciated by the novice and ex- 
perienced alike. Each section describes the anatomy 
involved, then the pathology and symptoms found 
and is finished by excellent clinical examples. 

The text is accompanied throughout by a pro- 
fusion of illustrations which include anatomical and 
autopsy examples of the material presented. Many 
fundus photographs are found. A unique feature of 
the book is the large number of stereoscopic photo- 
graphs of various pathological fundus conditions. 
The correlation of pathology and perimetry is shown 
under the appropriate conditions. The extensive 
bibliography has been compiled from foreign as well 
as American material on the subject. 

The embryological development and defects are 
treated first. The anatomical sections also include 
the neurologically associated areas. All the cranial 
nerves and their relationship to the eyes are shown; 
the réle of the autonomic system is included. The 
anatomy of the vascular system with its patholog- 
ical conditions is covered thoroughly. Generalized 
intracranial conditions, such as the cerebrospinal 
fluid, meningitis, syphilis, and encephalitis and their 
neurological manifestations are discussed fully. Tu- 
mors are discussed for some length together with 
excellent explanation of the neurological and oph- 
thalmological manifestations. 

This book does an excellent job of correlating 
neurology and ophthalmology. The style is simple 
yet complete enough to satisfy the need for a refer- 
ence book. The material is well organized. Blank 
charts of the related anatomy are presented for the 
recording of lesions which affect the visual system. 

HuBert O. PAULSON. 


HE much enlarged new edition of Textbook of 
Anaesthetics? is now presented as the joint efforts 


INEvuRO-OpHTHALMOLOGY. By Donald J. Lyle, B.S., M.D., F.A.C.S. 
Sega, Ill.: Charles C Thomas, 1945. 
2TeExTBOOK OF ANAESTHETICS. By R. J. Minnitt, M.D. (Liverpool), 
D.A., and John Gillies, M.C., M.B., Ch.B. (Edin.), D.A. 6th ed. Bal- 
timore: The Williams & Wilkins Co., 1944. 
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of two authors. It was previously, in its first edi- 
tions, edited by John Stuart Ross and Harry 
Prescott Fairlie. In its fifth edition it was brought up 
to date by the inclusion of new methods and new 
apparatus which have been established as having 
definite claim to recognition and by the addition of 
chapters on cyclopropane and closed circuit and 
carbon dioxide absorption system, vinethene and 
oxygen, helium and carbon dioxide therapy. 

The sixth edition follows the general plan of the 
fifth. The former general structure of the book has 
been retained. New chapters on trichloriethylene, 
endotracheal anesthesia, intravenous anesthesia and 
anesthesia for dentistry have been added. The 
chapter on choice of anesthesia which deals with the 
pathological states in relation to anesthetic tech- 
niques may be regarded to some extent as a revision 
of the whole subject. Major L. B. Wevill presented 
the detailed account of local and regional analgesia 
and Dr. John Boes wrote the section in this chapter 
on local analgesia in dentistry. 

The authors have developed the material in such 
a way that the student sees the subject as a whole 
rather than loses himself in a maze of details. The 
book contains important and fundamental ac- 
cumulated data about anesthesia. It presents a 
wealth of valuable practical information including 
chapters on inhalation, methods of administration, 
anoxemia, peripheral circulatory failure, premedica- 
tion, individual anesthetic agents, choice of anes- 
thesia and local and regional anesthesia. 

Of special interest in the current number are sec- 
tions devoted to endotracheal anesthesia, choice of 
anesthesia, clinical observation of the patient and 
preparation of the patient. Chapters on cyclopro- 
pane and carbon dioxide absorption, ethylene and 
oxygen therapy may be considered too abbreviated. 
Such timely subjects as continuous spinal and con- 
tinuous caudal analgesia are not mentioned or dis- 
cussed. The types of equipment are distinctly 
British and different from our American made ap- 
paratus; for this reason alone the publication may 
not be useful as a textbook in America. It is amply 
peppered with good illustrations, charts, and tables. 

The need for such a volume is evidenced by the 
difficulty usually encountered in seeking information 
on the many aspects of anesthesiology. This pub- 
lication can be recommended as a practical, complete 
source of factual information on the subjects pre- 
sented. It contains a wealth of practical information 
for the neophyte and the student in anesthesia. 

Mary Karp. 


pie book Medical Gynecology* by James Janney 
has expressly two aims. One is to aid the med- 
ical student in correlating didactic lectures with 
experience obtained in the gynecologic clinic. The 
other aim is to provide refresher materia] for the 
general practitioner, to remind him of some of the 
gynecology which he has perhaps forgotten, and to 


SMEDICAL Orapconest. By ag M.D., F.A.C.S. Phila- 
delphia and London: W. B. Saunders 1045. 
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bring him up to date on the newer developments in 
the field. 

The material in the text is arranged in seven sec- 
tions. Section one deals with the history and phys- 
ical examination. An attempt is made to classify 
the patient’s condition under one of the following 
nine headings each of which the author feels has a 
characteristic group of symptoms: (1) pregnancy 
and its complications, (2) inflammations, (3) tu- 
mors, (4) malignant growths, (5) lacerations, (6) 
malpositions, (7) developmental anomalies, (8) 
endocrine disturbances, and (9) sexual disturbances. 
Section two deals with the patient’s complaints and 
chapters are devoted to each type of menstrual 
disorder, vaginal discharge, pruritus, sterility, meno- 
pause, urinary disorders, backache, pain, and other 
symptoms. Each complaint is considered from the 
physiologic and pathologic standpoint and the ap- 
propriate treatment is outlined. Section three is 
devoted to lesions found at examination and includes 
cervical lesions, malpositions of the uterus, child- 
birth injuries, fistulas, congenital malformations, 
and endometriosis. A section on tests and special 
examinations describes the details of biopsy pro- 
cedures, the Rubin test, pregnancy tests and includes 
a discussion of diagnostic roentgenological proced- 
ures. A consideration of the Schiller, Frei, and tuber- 
culin tests is given and serologic tests for syphilis 
and gonorrhea are also discussed. The section on 
gynecologic treatments is both concise and exten- 
sive covering a great many aspects of nonsurgical 
problems encountered in office gynecology. Chap- 
ters are devoted to such considerations as pessaries, 
douches, cautery, vitamin and endocrine therapy, 
chemotherapy, antispasmodics, anesthetics and an- 
tiseptics. The concluding sections are devoted to 
sociomedical problems including emotional, eco- 
nomic, and social factors, contraception, preparation 
for marriage and marital maladjustments and to a 
special consideration of the ever present question of 
irradiation versus operation in both malignancy and 
in intractable uterine hemorrhage of nonmalignant 
origin. 

The author has considered the multiple problems 
of office gynecology from an extremely logical and 
practical approach. This book should be invaluable 
in the office of the general practitioner and, as the 
author has expressed, should be of great aid to the 
student in his introduction to clinical gynecology. 

StuaART ABEL. 


HE foreword of Peripheral Nerve Injuries! by 

Haymaker and Woodhall states that, “‘ This book 
began as a brochure intended for distribution to 
Army medical installations. As originally planned, 
it was largely a collection of diagrams illustrating 
the anatomy and function of peripheral nerves and 
the methods of clinical examination. It was soon 
felt, however, that inclusion of clinical data would 


‘PERIPHERAL NERVE Injuries; Principces or D1aGNosis. By Webb 
Haymaker, Capt., M.C., A.U.S., and Barnes Woodhall, Maj., M.C., 
A.U.S. Philadelphia and London: W. B. Saunders Co., ro45. 


greatly enhance the usefulness of the projected pub- 
lications.” This statement provides the explanation 
for the lack of orderly sequence of subject matter as 
well as the disproportionate richness in the descrip- 
tion of some subjects and the almost complete 
absence of others. 

The manner of assembling material for the book 
has resulted in a relative expansion uponanatomy. 
However, in relation to the necessity for condensa- 
tion in a manual, some of the anatomical] material 
included seems unnecessary and probably confusing 
to the novice for whom the manual is intended; for 
example, among others the chapter on the innerva- 
tion of skin and muscles by spinal segments, the 
myotomes, dermatomes, and intraspinal pathways 
for sensory fibers. This method of presentation 
alone is no great fault; in fact, the chapter on 
sclerotomes makes available information not read- 
ily found in English texts; however, it does mean 
that the anatomical material is scattered throughout 
the book and often it is repeated. Much more 
should have been included on surgical anatomy. 
The same criticism of repetition may be found in 
relation to clinical examination for function of mus- 
cles and their paralysis. 

The division of procedures in examination of 
recently acquired injuries from that at a later date 
makes it necessary to study several parts of the 
book to obtain the full picture. Here some of the 
statements seem too categorical, for instance “‘in- 
ability to abduct the little finger indicates complete 
interruption of the nerve (ulnar) above the wrist.” 

In the “analysis of movement” the completeness 
of the description of primary and accessory movers 
will, I fear, lead to some bewilderment among the 
uninitiated. For example, in describing opposition 
of the thumb, it is said that the muscle chiefly 
tested is the opponens pollicis, but also, the flexor 
brevis pollicis, deep head, and the abductor pollicis 
brevis; only when one later reads the chapter on 
“injuries of nerves of the upper limb” does one 
receive a description as to how one may study the 
function of the opponens, as separate from the 
other muscles. 

Although motor disability receives liberal space, 
the exact mechanism of supplementary motility, or 
trick movements, is not described and the existence 
of them barely suggested. 

Sensory examination is almost completely neg- 
lected. The factor of overlap of adjacent cutaneous 
fields and the factor of decrease in size of area of 
sensory loss are described briefly. “ Autonomous 
zone,” first so named by Foerster, is defined incor- 
rectly. The description of the changes in the inter- 
mediate zone as “the different modalities of sen- 
sibility are depressed to a varying extent” is mean- 
ingless. For the rest, sensory changes are presented 
chiefly by very crude outlines of borders of sensory 
loss in the illustrations of injuries of nerves, at times 
outlines on photographs, at times charts. In the 
latter the area of isolated supply is blocked out and 
the area of overlap indicated “‘hypesthesia” but no 
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attention is called to the fact that only protopathic 
sensibility returns in this area as the result of over- 
lap. 


poor. The statement that “in galvanic excitation a 
brief contraction of the muscle occurs only at the 
moment the circuit is closed or when it is broken, 
is true only if one does not use a stronger current 
which at a certain multiple of the rheobase always 
produces tetanus. The instruction that in testing, 
one must apply the electrode at a “motor point” of 
course can hold true only of a neurotized, not 
denervated, muscle. 

When the reaction of degeneration is described, 
if for no other reason than some homage to a clas- 
sical work, all of the changes described by Erb 
should be included. Certainly no one has disproved 
any of his statements. The data necessary for 
electrodiagnosis are not as easily garnered as would 
appear from the statement in regard to the de Jong 
“felectrostimulator.” 

In describing chronaxie it is said that “‘a current 
double the rheobasic voltage, thus determined, pro- 
duces a sudden and noticeable increase in the 
contraction. This value is taken arbitrarily as the 
strength of the current for chronaxie.” This is a 
good illustration of “double talk.” First, one cannot 
compare current, which is the rate of flow in unit 
time, to voltage, which is electromotive force. Sec- 
ond, what are the authors attempting to measure? 
From the description apparently this is the sudden 
notable increase in contraction, which they say oc- 
curs at twice the rheobase. If so, what if there is no 
sudden increase in strength of contraction at twice 
the rheobase? Do they then try three times the 
rheobase? And if so, where is the element of time? 
Now, most peculiarly they follow immediately with 
a correct definition for chronaxie, “‘chronaxie may be 
defined, thus, as the minimum time required to 
induce a contraction by a current twice its rheo- 
base.”’ It is dubious that an electroencephalograph 
will follow the rapid wave forms necessary to record 
in electromyography. 

As in any book, good or bad, mistakes are noted 
from time to time, some being amusing, as “In ulnar 
nerve palsy the patient is unable to insert his index 
finger in his nostril.” 

However, the manual contains much excellent 
material, particularly in anatomy and in analysis 
of movements tested, bringing them together in an 
available small book which undoubtedly will be of 
service if judiciously used by those who have not had 
extensive training in neurology. 

Lewis J. POLLocK. 


= second edition of The Fundamentals of 
Electrocardiographic Interpretation! by J. Bailey 
Carter has now been published. It is recommended 
for those who wish to learn the fundamentals of 


‘THe FUNDAMENTALS OF ELECTROCARDIOGRAPHIC INTERPRETATION. 
By J .Bailey Carter, M.D., F.A.C.P. With a foreword * Horatio Burt 
Williams. 2d ed. Springfield, Tll., and Baltimore, Md.: Charles C 
Thomas, 10945. 


The description of electrodiagnosis is particularly 


electrocardiography. It includes a dissertation on 
the theory and a description of the apparatus with 
instructions on its use. The normal and abnormal 
patterns are well illustrated with clear reproductions. 
The chapters on chest leads and the serial inter- 
pretations in coronary thrombosis are excellent. 
The chapter on graphic findings in various diseases 
is too brief but this is made up in part by a vast 
bibliography for those who desire a more detailed 
account. Many case histories are included to em- 
phasize the vaue of this machine as a diagnostic 
procedure. The book is of little value for those who 
wish to use it for reference work but should prove 
helpful to the beginner or those interested in the 
essentials of electrocardiography. 
THEODORE R. VAN DELLEN. 


SB ae excellent textbook, Diseases of the Nervous 
System in Infancy, Childhood and Adolescence,? 
is now in its second edition, the first having been 
published in 1937. It contains 1143 pages, 164 il- 
lustrations, 22 charts and 14 tables. The book is 
divided into 13 chapters beginning with the exam- 
ination of the nervous system followed by the an- 
atomy and physiology of the nervous system, prenatal 
diseases, heredofamilial and degenerative diseases, 
infections and parasitic invasions, toxic and meta- 
bolic disorders, vascular lesions, neoplasms, trauma, 
disease of the autonomic system and muscles, and 
finally various syndrome and symptom groups. The 
book is a tremendous undertaking and has been very 
well done. The author has very definitely kept away 
from any dogmatic statements about controversial 
subjects. In the opinion of the reviewer this book 
should be in the hands of all pediatricians and 
neurologists. There is a bibliography after each 
chapter but most of the references are not of recent 
studies or investigations. It is highly recommended. 
THEODORE T. STONE. 


B he. short and often neglected but all important 
phase of life of the new-born infant is approached 
with sound well rounded sources of information 
generously garnished with common sense to form a 
very readable instructive book by Emerson Stone 
in his The New-Born Infant.’ It covers the transition 
period of care for the infant between the obstetri- 
cian and pediatrician giving facts and theories 
in this overlapping stage that should be valuable 
to both. 

The sections on nursing care and feeding, both 
breast and modified, are detailed and practical if one 
does not take too seriously the advocation of early 
bowel training. Certainly a perusal of this part 
would fortify the young doctor for the bombard- 
ment of mothers’ questions on feeding and infant 
care. The strong advocation of breast feeding is 
admirably supported by known facts. 

DISEASES OF THE NERVOUS SysTEM IN INFANCY, CHILDHOOD AND 
ADOLESCENCE. By Frank R. Ford, M.D. 2d ed. Springfield, IIl.: 
Charles C Thomas, 1944. 


3THE New-Born INFANT; A MANUAL OF OBSTETRICAL PEDIATRICS. 
By Emerson L. Stone, M.D. 3d ed. Philadelphia: Lea & Febiger, 1945. 
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The chapters on birth injuries and infections 
cover the field remarkably well for such a small 
volume, a fact which is true of most all of the sub- 
jects undertaken. Both sides of the old status 
thymico lymphaticus question are presented but the 
summation for such a theoretical syndrome is a bit 
surprising: ‘‘ All attempts so far to explain the syn- 


drome in other terms have remained unconvincing 
and hypothetical at best.” 

The chapters on disorders of special systems also 
carry on the book’s apparent compact completeness 
covering the field with its wealth of quotations from 
a very large bibliography which in itself is a valuable 


source of reference. L. Martin Harpy. 
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BDOMEN, Evolution of sphincter muscle preservation 
and re-establishment of continuity in operative treat- 
ment of rectal and sigmoidal cancer, 113; Penicillin 
therapy in abdominal surgery, results of prophylactic 
and therapeutic use in 50 cases, 599; War surgery of, 
608 


Abortion, infections, Bacteriological studies of Clostridium 
welchii, in man, with special reference to use of direct 
smears for rapid diagnosis, 475 

Abscess, Lung, analysis of 244 cases, 278 

Adenoma, of bronchus, 551 

Amebiasis, intestinal, Surgical aspect of, 387 

Ameloblastoma, Surgery of mandible, 575 

American College of Surgeons, graduate training in surgery, 
Basic medical sciences in, 106 

Ampulla, rectal, Primary resection (closed anastomosis) of, 
for malignancy with preservation of sphincteric func- 
tion, together with further account of primary resec- 
tion of colon and rectosigmoid and note on excision of 
hepatic metastases, 1 

Amputations, flap, during war and after, 688 

Anatomy, Fascia of dorsum of hand, 327 

Aneurysm, Experiences with, in overseas general hospital, 
128 

Appendix, Surgical aspect of intestinal amebiasis, 387 

Arm, Amputations during war and after, 688 

Arthritis, Para-articular calcification (Pellegrini-Stieda) in 
affections of knee, 206 

Arthrodesis, Posterior approach for, and other operations 
on shoulder, 266 


ACILLI, gram negative, Inactivation of penicillin by 
various, bacteria, 379; histolyticus, novyi, perfringens, 
septicus, sordellii, Experimental evaluation of Amer- 
ican commercial bivalent and pentavalent gas gan- 
grene antitoxins, 487 

Bacteriological studies, of Clostridium welchii infections in 
man, with special reference to use of direct smears for 
rapid diagnosis, 475 

Bile duct, common, calculi, Management of postoperative 
choledocholithiasis, another use for solution G, 521 

Bladder, Operative technique of complicated vesicovaginal 
and urethrovesicovaginal fistulas, 346; War surgery of 
abdomen, 608; Juxtacervicovesical fistula, 667 

Bleeding, venous, Absorbable gelatin sponge and thrombin 
for hemostasis in neurosurgery, experimental and 
clinical observations, 365 

Blood, coagulation, Absorbable gelatin sponge and throm- 
bin for hemostasis in neurosurgery, experimental and 
clinical observations, 365; coagulation, Biologic in- 
vestigations of new absorbable sponge, 585 

Blood studies, Metabolic alterations following thermal 
burns, II. Changes in plasma volume and plasma 
protein in convalescent phase, 25 

Blood transfusion, One stage “open” resection of lesions of 
left colon without complementary colostomy, 507 

Blood vessels, Experiences with aneurysms in overseas 
general hospital, 128; Experience with lumbar sympa- 
thetic ganglionectomy for wounds of major blood 
vessels of lower extremity, 169; Saphenofemoral liga- 
tion with immediate retrograde injection, 355; Study of 
late symptoms of cases of immersion foot, 500 

Bone, innominate, Disarticulation of, for malignant tumors 
of pelvic parietes and upper thigh, 36; Penicillin 
therapy in acute osteomyelitis, 138; tumor, Osteoid 

osteoma, with case reports, 465 
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Bone grafts, Posterior approach for arthrodesis and other 
operations on shoulder, 266 

Brachial plexus, Congenital malformations of first thoracic 
rib, cause of brachial neuralgia which simulates cervi- 
cal rib syndrome, 643 

Brain, Concussion of spinal cord, experimental study and 
critique of use of term, 63; Subdural hematoma, ed. 
99; Surgical treatment of injuries of, spinal cord, and 
peripheral nerves, 405; Deformation of skull in head 
injury, study with “stresscoat” technique, 679; Peni- 
cillin convulsions, convulsive effects of penicillin 
applied to cerebral cortex of monkey and man, 692 

Bronchiectasis, Resection of lung in pulmonary suppura- 
tive diseases, factors contributing to its progress, 623 

Bronchus, Adenoma of, 551 

Burns, Metabolic alterations following thermal, II. 
Changes in plasma volume and plasma protein in con- 
valescent phase, 25 

Buttocks, Infected pilonidal sinus, 309 


~ALCIFICATION, Para articular, (Pellegrini-Stieda) in 
affections of knee, 206 

Calcium medication, Rationale of calcium, phosphorus, 

and vitamin D therapy in clinical hyperthyroidism, 
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Calculus, common duct, Management of postoperative 
choledocholithiasis, another use for solution G, 521 

Cancer, Primary resection (closed anastomosis) of rectal 
ampulla for malignancy with preservation of sphinc- 
teric function, together with further account of primary 
resection of colon and rectosigmoid and note on ex- 
cision of hepatic metastases, 1; Evolution of sphincter 
muscle preservation and re-establishment of continuity 
in operative treatment of rectal and sigmoidal cancer, 
113; uterine, II. Value of vaginal smear in diagnosis 
of, report of rors cases, 337; of colon, Segmental re- 
section of lesions occurring in left half of, with primary 
end-to-end aseptic anastomosis, report based on 50 
cases, 593 

Carcinoma, with effusion, Significance of tumor cells in 
serous effusions, 295; gastric, Value of gastroscopy in 
differential diagnosis of ulcer and, ed. 590 

Cardiospasm, Esophagogastrostomy in treatment of, 440 

Cartilage, Chondromalacia of patella, 446 

Catgut, Fallacy of surgical gut, tubing fluid as tissue irri- 
tant, 225 

Cauda equina, Massive extrusions of lumbar intervertebral 
discs, 269 

Cerebral cortex, Penicillin convulsions, convulsive effects of 
penicillin applied to, of monkey and man, 692 

Cervical rib syndrome, Congenital malformations of first 
thoracic rib, cause of brachial neuralgia which sim- 
ulates, 643 

Chemotherapy, War surgery of abdomen, 608; Resection of 
lung in pulmonary suppurative diseases, factors con- 
tributing to its progress, 623 

Chest, Treatment of intrathoracic wounds, 158; Sucking 
wounds of, 183 

Cholangiography, Management of postoperative choledo- 
cholithiasis, another use for solution G, 521 

Cholecystitis, Experimental, final results of vaccine and 
filtrate therapy, 455 

Chondromalacia, of patella, 446 

Chronaxie, Changes in, during degeneration and regenera- 
tion of experimentally produced lesions of sciatic 
nerve of cat, 451 
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Clostridium welchii, capsulated, Bacteriological studies of, 
infections in man, with special reference to use of 
direct smears for rapid diagnosis, 475 

Colon, Primary resection (closed anastomosis) of rectal 
ampulla for malignancy with preservation of sphinc- 
teric function, together with further account of primary 
resection of, and rectosigmoid and note on excision of 
hepatic metastases, 1; One stage ‘“‘open’’ resection of 
lesions of left, without complementary colostomy, 507; 
Segmental resection of lesions occurring in left half of, 
with primary end-to-end aseptic anastomosis, report 
based on 50 cases, 593; War surgery of abdomen, 608 

Complications, postoperative, Effect of cotton and catgut 
in hernial repair on postoperative temperature and 
pain, 201 

Concussion, of spinal cord, experimental study and critique 
of use of term, 63 

Currents, progressive, Electrodiagnosis by means of, of 
long duration, studies on peripheral nerve injuries in 
man, 192 


ECIDUA, reaction of endometrium ectopic in abdom- 
inal lymph node, 218 

Diagnosis, Electrodiagnosis by means of progressive cur- 
rents of long duration, studies on peripheral nerve in- 
juries in man, 192; vaginal smear, II. Value of, in, of 
uterine cancer, report of 1015 cases, 337; Fluorescein— 
its use in determining viability of strangulated intes- 
tine, 530; differential, Value of gastroscopy in, of 
ulcer and carcinoma, ed. 590; Galvanic tetanus and 
galvanic tetanus ratio in electrodiagnosis of peripheral 
nerve lesions, 660 

Dicumarol therapy, in postoperative thrombophlebitis and 
phlebothrombosis, 79, cor. 464 

Dihydrotachysterol, Effect of, on certain toxemias of late 
pregnancy, 83 

Disc, lumbar intervertebral, Massive extrusions of, 269 

Disease, Pellegrini-Stieda, Para-articular calcification in 
affections of knee, 206; pulmonary suppurative, Re- 
section of lung in, factors contributing to its progress, 
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Donnelley, R. R. & Sons Co., 1905-1945, ed. 98 
Duodenum, War surgery of abdomen, 608 
Dura, Subdural hematoma, ed. 99 
Dysentery, amebic, Surgical aspect of intestinal amebiasis, 
387 


ARLY rising, following major surgical operations, 93 
Edema, malignant, Experimenta] evaluation of Amer- 
ican commercial bivalent and pentavalent gas gan- 
grene antitoxins, 487 

Education, medical, Basic medical sciences in graduate 
training in surgery, 106 

Effusion, serous, Significance of tumor cells in, 295 

E lectrodiagnosis, see Diagnosis 

Embolism, pulmonary, Dicumarol therapy in postoperative 
thrombophlebitis and phlebothrombosis, 79, cor. 464 

Emetine, Surgical aspect of intestinal amebiasis, 387 

Esophagus, Gastrostomy, ed. 221; Esophagogastrostomy in 
treatment of cardiospasm, 440 


ALLOPIAN tube, Method for surgical obstruction of, 
animal experimentation, 331 
Fascia, of dorsum of hand, 327 
Fibrin foam, Absorbable gelatin sponge and thrombin for 
hemostasis in neurosurgery, experimental and clinical 
observations, 365; Biologic investigations of new ab- 
sorbable sponge, 585 
Filtrate treatment, Experimental cholecystitis, final results 
of vaccine and, 455 


Fistula, Operative technique of complicated vesicovaginal 
and urethrovesicovaginal, 346; Juxtacervicovesical, 
667 

Flap, Estlander rotation, Infected pilonidal sinus, 309 

Fluids, body cavity, Significance of tumor cells in serous 
effusions, 295 

Fluorescein, its use in determining viability of strangulated 
intestine, 530 

Foot, immersion, Study of late symptoms of cases of, 500; 
March fractures, 525 

Fractures, Parachute, 53; of patella, Excision of, 370; 
March, 525 - 


ALL bladder, Experimental cholecystitis, final results 
of vaccine and filtrate therapy, 455; Management of 
postoperative choledocholithiasis, another use for 
solution G, 521; War surgery of abdomen, 608 
Galvanic tetanus, and galvanic tetanus ratio, in electro- 
diagnosis of peripheral nerve lesions, 660 
Ganglionectomy, Experience with lumbar sympathetic, for 
wounds of major blood vessels of lower extremity, 169 
Gangrene, gas, Experimental evaluation of American com- 
mercial bivalent and pentavalent, antitoxins, 487 
Gas gangrene antitoxin, Experimental evaluation of Amer- 
ican commercial bivalent and pentavalent, 487 
Gastroscopy, Value of, in differential diagnosis of ulcer and 
carcinoma, ed. 590 
Gastrostomy, ed. 221 
Gelatin sponge, and thrombin, Absorbable, for hemostasis 
in er experimental and clinical observa- 
tions, 365; Biologic investigations of new absorbable, 
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Grafts, nerve, Experimental studies in peripheral nerve 
surgery, IV. Effect of infection on regeneration and 
functional recovery, 302 

Gynecology, Lacerations of perineum and their repair, 
study based on 2328 personal cases, 320 


AND, Thenar palsy due to compression of median 
nerve in carpal tunnel, 213; Fascia of dorsum of, 327 

Head, Deformation of skull in, injury, study with “stress- 
coat” technique, 679 

Hematoma, Subdural, ed. 99 

Hemostasis, Absorbable gelatin sponge and thrombin for, 
in neurosurgery, experimental and clinical observa- 
tions, 365 

Hernia, inguinal, Effect of cotton and catgut in hernial re- 
pair on postoperative temperature and pain, 201 

Hyperthyroidism, clinical, Rationale of calcium, phos- 
phorus, and vitamin D therapy in, 243 


| igicnsdie Irreducible intussusception in, report of 2 
successful primary resections, 384 
Infection, Wounds of rectum, 56; Penicillin therapy in 
acute osteomyelitis, 138; Experimental studies in 
peripheral nerve surgery, IV. Effect of, on regeneration 
and functional recovery, 302; Inactivation of penicil- 
lin by various gram negative bacteria, 379; Surgical 
aspect of intestinal amebiasis, 387; Clostridium welchii, 
Bacteriological studies of, in man, with special refer- 
ence to use of direct smears for rapid diagnosis, 475; 
anaerobic, Experimental] evaluation of American com- 
mercial bivalent and pentavalent gas gangrene anti- 
toxins, 487; staphylococcic, Penicillin therapy in ab- 
dominal surgery, results of prophylactic and thera- 
peutic use in 50 cases, 599 
Injuries, war, Parachute fractures, 53 
Instruments and apparatus, for tidal drainage, Surgical 
treatment of injuries of brain, spinal cord, and pe- 
ripheral nerves, 405; single lumen mercury weighted 
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tube, Intestinal intubation in bowel obstruction, 
technique with new, 671 

Intestines, Primary resection (closed anastomosis) of rectal 
ampulla for malignancy with preservation of sphinc- 
teric function, together with further account of pri- 
mary resection of colon and rectosigmoid and note on 
excision of hepatic metastases, 1; Evolution of 
sphincter muscle preservation and re-establishment of 
continuity in operative treatment of rectal and sig- 
moidal cancer, 113; Aseptic gastric resection, 177; 
Volvulus of sigmoid colon, report of 25 cases, 287; 
intussusception, Irreducible, in infants, report of 2 suc- 
cessful primary resections, 384; Surgical aspect of in- 
testinal amebiasis, 387; One stage “‘open” resection of 
lesions of left colon without complementary colostomy, 
507; Fluorescein—its use in determining viability of 
strangulated, 530; Evaluation of Coffey I method for 
ureterointestinal anastomosis, 559; anastomosis, Seg- 
mental resection of lesions occurring in left half of 
colon with primary end-to-end aseptic, report based 
on 50 cases, 593; War surgery of abdomen, 608; 
Intestinal intubation in bowel obstruction, technique 
with new single lumen mercury weighted tube, 671 

Intussusception, Irreducible, in infants, report of 2 success- 
ful primary resections, 384 


| sey, Allen B., 1905-1945, ed. 98 

Kidney, Coffey I method for ureterointestinal anas- 
tomosis, 559; War surgery of abdomen, 608 

Knee, Para-articular calcification (Pellegrini-Stieda) in 
affections of, 206; Excision of fractured patella, 370; 
Chondromalacia of patella, 446 


AMINECTOMY, see Spine, surgery 

Leg, Experience with lumbar sympathetic ganglionec- 
tomy for wounds of major blood vessels of lower 
extremity, 169; Saphenofemoral ligation with imme- 
diate retrograde injection, 355; Amputations during 
war and after, 688 

Ligation, Saphenofemoral, with immediate retrograde in- 
jection, 355 

Liver, Primary resection (closed anastomosis) of rectal am- 
pulla for malignancy with preservation of sphincteric 
function, together with further account of primary re- 
section of colon and rectosigmoid and note on excision 
of hepatic metastases, 1; War surgery of abdomen, 608 

Lugol’s solution, Thiouracil—its use in preoperative treat- 
ment of severe hyperthyroidism, 425 

Lungs, Treatment of intrathoracic wounds, 158; abscess, 
analysis of 244 cases, 278; Adenoma of bronchus, 551; 
Resection of, in pulmonary suppurative diseases, 
factors contributing to its progress, 623 

Lymph node, abdominal, Decidual reaction of endome- 
trium ectopic in, 218 


ALFORMATIONS, Congenital, of first thoracic rib, 
cause of brachial neuralgia which simulates cervical 
rib syndrome, 643 
Mandible, Surgery of, ameloblastoma, 575 
Martin, Franklin H., 1905-1945, ed. 98 
Medical Corps, U. S. Army, Organization of Medical De- 
partment of United States Army, ed. 702 
a war, Misuse of morphine as therapeutic agent, 
. 461 
thankies Misuse of, as therapeutic agent, ed. 461 
Muscle, sphincter, Evolution of, preservation and re- 
establishment of continuity in operative treatment of 
rectal and sigmoidal cancer, 113; Changes in chronaxie 
during degeneration and regeneration of experiment- 
ally produced lesions of sciatic nerve of cat, 451 


SUBJECT INDEX TO VOLUME §81 





NAA cleft, Infected pilonidal sinus, 309 

Nerves, peripheral, Electrodiagnosis by means of 
progressive currents of long duration, studies on, in- 
juries in man, 192; median, Thenar palsy due to com- 
pression of, in carpal tunnel, 213; peripheral, Experi- 
mental studies in, IV. Effect of infection on regenera- 
tion and functional recovery, 302; surgery, Absorbable 
gelatin sponge and thrombin for hemostasis in neuro- 
surgery, experimental and clinical observations, 365; 
peripheral, Surgical treatment of injuries of brain, 
spinal cord, and, 405; sciatic, Changes in chronaxie 
during degeneration and regeneration of experimental- 
ly produced lesions of, of cat, 451; peripheral, Galvanic 
tetanus and galvanic tetanus ratio in electrodiagnosis 
of, lesions, 660 

Nervous system, Penicillin convulsions, convulsive effects 
of penicillin applied to cerebral cortex of monkey and 
man, 692 

Neuralgia, brachial, Congenital malformations of first 
thoracic rib, cause of, which simulates cervical rib 
syndrome, 643 

Neurosurgery, Absorbable gelatin sponge and thrombin for 
hemostasis in, experimental and clinical observations, 
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BSTRUCTION, bowel, Intestinal intubation in, tech- 
nique with new single lumen mercury weighted tube, 

671 

Osteoma, Osteoid, with case reports, 465 

Osteomyelitis, acute, Penicillin therapy in, 138 

Ovary, Theca cell tumors of, clinical and pathologic study 
of 23 cases (including 13 new cases) with review, 234; 
Teratoma of, 504; tumor of, Granulosa cell, clinical 
and pathologic review of 62 cases, 631 


ALSY, Thenar, due to compression of median nerve in 
carpal tunnel, 213 

Pancreas, War surgery of abdomen, 608 

Paralysis, Thenar palsy due to compression of median 
nerve in carpal tunnel, 213; Surgical treatment of in- 
juries of brain, spinal cord, and peripheral nerves, 405 

Patella, fracture, Excision of, 370; Chondromalacia of, 446 

Pelvis, Disarticulation of innominate bone for malignant 
tumors of pelvic parietes and upper thigh, 36 

Penicillin, therapy, in acute osteomyelitis, 138; Inactiva- 
tion of, by varions gram negative bacteria, 379; 
therapy in abdominal surgery, results of prophylactic 
and therapeutic use in 50 cases, 599; convulsions, con- 
vulsive effects of, applied to cerebral cortex of monkey 
and man, 692 

Perineum, Lacerations of, and their repair, study based on 
2328 personal cases, 320 

Peripheral vascular disease, Study of late symptoms of 
cases of immersion foot, 500 

Phlebothrombosis, Dicumarol therapy in postoperative 
thrombophlebitis and, 79, cor. 464 

Phosphorus, Rationale of calcium, and vitamin D therapy 
in clinical hyperthyroidism, 243 

Pilonidal sinus, Infected, 309 

Plasma, volume, protein, Metabolic alterations following 
thermal burns, II. Changes in, in convalescent phase, 
25 

Pregnancy, toxemia of, Effect of dihydrotachysterol on 
certain toxemias, of late, 83; Decidual reaction of en- 
dometrium ectopic in abdominal lymph node, 218 

Prostate, hypertrophy, Transurethral resection for, of 
large size, 515 

Prostheses, Amputations during war and after, 688 

Protein digest, intravenous, Routine use of, following major 

surgical procedures, 31 
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ype. Primary resection (closed anastomosis) of 

rectal ampulla  & malignancy with preservation of 
sphincteric function, together with further account of 
primary resection of colon and rectosigmoid and note 
on excision of hepatic metastases, 1; Wounds of, 56; 
Evolution of sphincter muscle preservation and re- 
establishment of continuity in operative treatment of 
rectal and sigmoidal cancer, 113; Surgical aspect of 
intestinal amebiasis, 387; Segmental resection of lesions 
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